Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


Illllllllll 

600010838Q 


Z7-  //•3. 


y 


CONVERSATIONS 


ON  THE 


ANIMAL    ECONOMY. 


BY    A    PHYSICIAN. 


IN  TWO  VOLUMES. 


VOL.    I. 


LONDON: 

PUHTKO   FOR 

LONGMAN,  REES,  ORME,  BROWN»  AND  GREEN, 

PATERNOSTER-ROW. 

1827. 
//3 


r'-CHTf^ 


.Loraov: 
Printed  by  A.  ft  ateoCtifwoode. 


THE  AUTHOR 


ONVERSATIONS  ON  CHEMISTRY. 


Mv  DEAR  Madam, 

The  present  little  work  aims  at  comm" 
nicating,  on  a  plan  similar  to  that  which 
you  have  so  successfully  adopted,  some 
iniormatioD  on  the  structure  and  functions 
ut'the  Animal  Body.  I  cannot  flatter  my' 
self  with  having  succeeded  in  removing  all 
the  difficulties  which  attach  to  a  popular 
consideration  of  such  a  subject ;  much  less 
with  having  imparted  to  it  any  portion  of 
the  attraction  which  you  have  given  to 
Chemistry,  Natural  Philosophy,  and  Politi- 
cal Economy.  I  have  endeavoured,  how- 
Ir,  to  present  a  general  and  intelligible 


I 


view  of  some  of  the  principal  facts  and 
doctrines  of  Physiology ;  and  hope  it  may 
be  of  use  in  giving  correct  ideas  on  this 
branch  of  Natural  Science,  in  which  the 
best  educated,  and  most  able  part  of  society, 
are  often  but  very  little  informed. 

The  admirable  work  of  Archdeacon 
Faley,  and  the  Lectures  which  have  been 
delivered  at  the  Royal,  and  other  Institu- 
tions in  this  country,  have  produced,  in  the 
public,  an  interest  relative  to  the  Animal 
Economy,  which  I  shall  be  happy  if  these 
little  volumes  may  at  all  tend  to  promote, 
nr  to  gratify. 

I  remain, 
With  great  regard. 

My  dear  Madam, 
Your  faithful  Friend,  and 
Respectful  Servant, 

THE  AUTHOR. 

June  24.  1827. 
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of  receiving  instruction,  whicb  you   have  before 
been  kind  enough  to  afford  us.    It  is  dehghtful  to 
bear  of  a  new  set  of  Couversatians.   Pray  wliat 
the  subject  of  them  ? 

Dit.  A. 
They  are  neither  printed,  nor  sent  to  the  press] 
and  you  will  be  surprised  when  1  tell  you,  that  i 
this  new  object  of  your  attention,  I  purpose  beia 
your  instructor  myself  What  think  you  of  a  litd 
professional  information  ? 

HARRIET. 

Why,  papa,  it  is  hardly  possible  that  those  wh 
live  In  the  house  of  a  physician  should  not  fn 
quently  hear  medical  subjects  talked  of;  but  is : 
really  your  intention  to  give  us  some  iustruction 
about  the  cure  of  dbeascs  ? 
DR.  A. 

Dy  no  means.  The  cure  of  diseases  is  the 
vince  of  the  physician  or  the  surgeon,  just  as  it  li 
that  of  the  clergjman  to  preach  sermons,  and  of 
the  lawyer  to  bring  actions  and  plead  causes;  but 
I  need  hardly  say,  that  the  studies  of  religion  ap' 
pertain  to  all,  though  the  sacred  duties  of  the  pul- 
pit and  the  altar  belong  to  a  certain  set  of  men 
educated  for  the  purpose  of  exercising  them ;  and 
Cliark-s  will  tell  you,  tliat  though  it  requires  a 
long  series  of  laborious  studies  to  fit  a  nian  (or  the 
practice  of  the  law,  yet  there  is  much  elegant  and 
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lueful  information  in  its  preliminary  brandies. 
and  roach  that  it  is  incumbent  on  every  well-edu- 
<Med  English  geiitlenmn  to  know.  Just  so  it  is  in 
jibj'sic.  A  very  useful  share  of  knowledge  may 
be  otnained,  as  to  the  structure  of  tlie  human 
frame,  for  example,  without  a  person  being  led  to 
dabble  Id  the  treatment  of  its  diseases;  and  there 
b  no  subject  which  is  better  adapted  than  this,  to 
excite  wonder  and  admiration  at  the  power,  wis- 
dom, imd  beneficence  of  the  great  Creator.  This, 
in  6ct,  is  the  subject  which  I  mean  to  offer  to  vour 


CHARLES. 
I  am  very  glad  to  find  that  you  intend  giving  us 
1  little  information  alraut  the  structure  of  the  ani- 
nal  frame.  1  have  often  wished  for  it ;  and,  indeed, 
hnc  bad  serious  intentions  of  attending  a  course  of 
uaitomy,  that  I  may  be  better  prepared  to  treat 
mne  of  the  cases  which  occasionally  come  under 
die  consideration  of  the  lawyer.  But  how  will  you, 
^rb,  be  able  to  bear  with  anatomical  descriptions, 
vitfa  accounts  of  bones,  masctes,  and  joints  ? 

DR.  A. 

Xerer  frar;  I  shall  not  make  the  subject  rcpul- 
live.  It  is  only  so  in  its  associations ;  and  I  trust 
jou  wil!  soon  learn  to  contemplate  the  animal 
eeoooaij,  as  a  centre  of  wonderful  design,  and  ad- 
rainbte  aptitude  for  the  purposes  of  its  creation. 
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SOPHIA. 

Indeed,  papa,  considering  how  often  physic  and 
anatomy  are  talked  of  In  public  companies,  it 
seems  to  be  sinnewliat  proper  that  people  should 
know  a  little  of  llie  subject  of  their  conversation, 
ralher  tlian  descant  on  matters  of  which  they  are 
entirely  ignorant. 

DR.  A. 

I  hope  T  shall  soon  be  able  to  show  you,  that 
the  acc[uisition  of  a  vei^'  useful  and  agreeable 
'{uantity  of  knowledge,  relative  to  tlie  human 
frame,  can  be  very  readily  and  pleasantly  obtained. 

In  commencing  operations,  I  shall  begin  at  the 
suiface  of  the  body,  and  first  tell  you  a  little  about 
the  external  coverings,  or  integuments,  as  they 
are  called. 

SOPHIA. 

What,  are  there  more  coverings  than  the  skin  ? 
I  thought  that  on  breaking  the  skin  you  got  at 
once  to  ihc  6esh. 

CR.  A. 

This  is  ratlicr  a  hasty,  but  not  an  unusual  con- 
clusion; and  I  must  anticipate  so  far  my  observ- 
utions,  as  to  tell  you,  that  what  you  term  flesh,  is 
known  by  the  name  of  muscle,  and  is  that  parti- 
cular  substance  which  is  employed  in  moving  the 
different  parts  of  the  Ixxly.  It  lies  under  the  in- 
tfguments,  which  are  an  outer  covering  and  protec- 
tion to  this,  and  the  various  other  parts  below  them. 
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SOPHIA. 

Di>  jou  meaii,  tlien,  Uiat  dl  the  fleshy  parts  ui' 
«n!iiuiU  are  appropriated  to  moving  some  part  ur 
other  of  the  body  ? 


^H  ani 


Certainly.     There  is  no  part  without  its  use. 

All   the  variety  of  structure  of  which,  as  I  shall 

.p\ain  to  you,  the  body  consists,  is  subservient 

some  important  effect  in  the  constitution  of  the 
lifnal ;  so  that,  if,  like  the  members  in  iEsop, 
any  cue  part  were  to  set  up  a  sort  of  independence 
uftheresttor  to  assume  any  kind  of  pre-eminence, 
it  wotiltl  soon  discover  the  error  of  its  reasoning. 
The  integuments  form  that  substance  which  coven 
every  part  of  the  surface  of  the  body,  which  is 
morable  over  it  iu  all  directions,  and  can  be 
readily  taken  hold  of,  and  elevated  in  8  mass, 
separable  from  the  parts  beneath,  Tliey  consli- 
tnte  what  is  termed  the  hide  in  various  aiiimaU, 
and  consist  of  three  parts;  the  scarfskiti,  n  mit- 
caus  net-work  below,  and  the  true  skin,  which 
last  forms  the  greatest  part  of  this  external  co- 
vering. 


TTien  it  appears  that  the  common  notion  relu- 
live  to  the  skin,  of  its  being  merely  the  smooth 
uuler  bark  of  the  botiy,  is  erroneous. 


I 


OF   THE    IMTEGtIHBNTS. 


Compieteiy  so ;  for  what  is  usually  known  by  the 
name  of  ihc  .skin,  is  nothing  more  than  a  thin,  in- 
sensible pellicle,  called  the  scarf-skin,  or  cuticle* 
which  is  intended  to  protect  the  parts  beneath  fi-om 
injury,  and  to  preserve  their  sensibility. 


i-om  ■ 


CHARLES. 

In  fact,  it  may  be  considered  as  bearing  the 
relation  to  the  skin,  wliicli  the  rind  of  a  tree  d( 
to  the  bark. 

DR.  A, 

Very  much  so ;  and  it  is  capable  of  being  separ- 
ated under  various  circumstances.  A  blister,  for 
example,  will,  by  throwing  out  a  small  quantity  of 
fluid  from  the  parts  beneath,  raise  the  scarf-skin, 
and  make  it  apparent.  Strong  work  will  hai'den  ix, 
as  in  the  hands  of  labouring  people ;  .aud,  after  manj 
severe  complaints,  the  scarf-skin  peels  oflT,  just  as 
it  does  in  some  animals,  as  serpents,  who  cast  their 
:>kin  at  certnin  periods :  but  in  those  cases,  this  does 
not  happen  vill  another  scarf-sikin  is  formed  below, 
which  serves  to  ihron  olF  the  old  one ;  so  that  the 
sensible  skin  is  never  left  unprotected.  In  cas«s 
where  scarf-skin  has  been  tost,  the  parts  below  have 
a,  power  of  throwing  out  a  material  which  hardens 
into  tlus  particular  substance. 

HABRiET. 

Bat  you  spoke  of  the  scarl-skin  being  insen- 
sible :    I   do   not   understand    how   this  can    be 
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ibe  case,    wheo  we   feel  so  acutely  over  all  our 
fniDC. 

DR.  A. 

We  feel  through  the  intervention  of  the  scarf- 
skin,  which  is  cliSused  over  every  part  of  the  body 
in  the  closest  manner,  in  order  to  protect  the  sen- 
tibility  of  the  parts  beneath ;  and  even  dips,  to  a 
certain  extent,  into  the  tubes  which  lead  into  various 
inienial  parts  of  the  body.  When  it  is  very  hard, 
ornmcb  thickened,  the  sensibility  is  diminished,  or 
entirely  taken  away.  It]  however,  impressions  were 
Bade  directly  upon  the  parts  below,  the  feeling 
would  be  too  greatly  excited,  and  would  amount  to 
pain ;  as  may  readily  be  known  when  any  portion 
of  cadcle  bappens  accidentally  to  be  removed. 

CHARLES. 

One  continually  hears  of  pores  in  the  skin.  Are 
tbese  openings  for  the  purpose  of  suffering  any 
UuDg  below  &oin  escaping? 


The  scarf-skin  has  in  it  numerous  minute  holes 
or  pores,  as  tliey  are  termed  in  common  language, 
bjr  iDeaos  of  which  certain  important  effects,  aa  we 
4iaU  aflcrwards  see,  are  produced;  and  through 
some  of  which  the  hair  issues. 

Some  anatomists  are,  however,  disposed  to  dcoy 
e  existence  of  any  other  openings  than  such  as 
e  destined  for  the  passage  of  hairs.  They  con- 
B  i 
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-sider  that  the  tenuity  of  texture,  and  bibulous,  or 
absorbing  nature  of  some  parts  of  the  scarf^skiO] 
will  allow  of  perspiration  passing  through  it,  and 
will  also  admit  of  its  imbibing  certain  substances 
-from  without. 

I  would  observe,  however.of  this  opinion,  though 
-an  ingenious  one,  and  supported  by  a  late  able  and 
excellent  professor  of  the  Royal  College  of  Sup- 
.geons,  that  the  difficulty  of  discerning  minute  holes 
or  pores,  is  not  a  decisive  argument  against  their 
existence,  since  we  cannot  discover  tlie  opeit' 
mouths  of  minute  vessels,  though  assured  (as  w^ 
shall  afterwards  find)  that  they  possess  such  opoi 
moutlis  as  one  of  tl)eir  modes  of  termiiialion.  It 
may  likewise  be  remarked,  that  the  loss  of  power 
which  attaches  to  the  cuticle,  of  transmitting  a  fluid 
through  it,  when  raised  by  a  blister,  is  equally  ap- 
jilicable  to  it  iu  whatever  way  such  transmission 
lakes  place ;  and  that,  on  the  lij'potlies'is  of  bibulous 
transmission,  an  union  to  the  parts  beneath  is 
equally  necessary  as  in  the  case  of  minute  pores  or 
holes. 

HARRIET. 

The  colour  of  the  scarf-skin,  I  presume,  varies 
according  to  differences  in  complexion  and  race? 

DR.  A. 

Very  little  so ;  for  even  the  scarf-skin  of  the 
negro  is  but  very  slightly  darker  than  that  of  the 
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tite.  The  seat  of  colour  is,  in  lact,  a  very  tiiii) 
__,«-,  not  thicker  than  the  cuticle,  of  a  soft  aub- 
•imoe,  which  is  interposed  between  the  scnrf-skiii 
ant)  the  cutis,  or  true  skin,  and  is  ternieil  the  nrte 
maanitm,  or  mucous  net-viork.  In  the  negro,  it 
Ht  as  may  be  supposed,  of  a  very  dark  colour; 
and  the  colouring  matter  is  capable  of  being  com- 

PBunioled  to  water,  rendering  it  turbid,  and  snb- 
ladii^in  the  form  of  a  fine  carbonaceous  powder. 
HARHIET. 

Then  I  suppose  the  dark  colour  does  not  de-, 
scend  deeper  ? 

DR.  A. 

Not  at  nil :  llie  true  skin  and  the  parts  below 
are  of  the  same  colour,  both  in  whites  aiid  blacks. 
Oxvfnuristic  acid  will  render  the  rete  mucosun) 
j^luw  in  negroes,  and  immersion  in  water  will 
irice  away  mudi  of  the  colour.  Hut  in  the  living 
body  it  i^  soon  restored. 

SOPHIA. 

There  must,  I  suppose,  be  a  great  number  of 
iliBereot  colours,  or  rather  shades  of  colou  r,  among 
oiaiiluDd  ? 

DR.  A. 

'ITiere  are  five  principal  varieties  of  colour  iii 

iKe  human  species,  and  all  of  them  dependent  on 

*Jm:  different  shades  of  this  mucous  coat:  — the 

fint  b  the  European,  or  white;  tlie  second  is  the 
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MovooLUN,  yellow,  or  olive;  the  third  ia  tlie 
AuERiCAN,  red,  or  copper  colour ;  die  fourth  » 
the  Ethiopian,  or  black;  the  fifth  is  the  Malay, 
brown,  or  tawny. 

60PHIA. 

The  European  has  certainly  a  great  advantage 
over  other  colours  of  countenance,  in  the  power 
of  communicating  expresfiion.  One  can  hardly 
conceive  any  change  of  appearance  capable  of 
being  produced  by  emotions  of  mind  in  other 
varieties  of  complexion, 

DB.  A. 

You  are  perfectly  right ;  and  hence  it  is  said,  in 
Spanish  America,  as  an  indication  of  the  contempt 
which  the  Europeans  bear  to  the  natives,  "  How 
can  those  be  trusted  who  know  not  how  to  blush  J" 
In  the  Mongolian  there  is,  however,  when  the 
skin  is  particularly  fine,  a  slight  approximation  to 
change  of  colour,  under  powerful  emotions  of  mind. 

CHARLES. 

^ould  a  similar  experiment  to  that  which  you 
mention,  relative  to  the  skin  of  the  negro,  show  a 
deposit,  after  Infusion  in  water,  in  the  other  darker 
varieties  ? 

DR.  A. 

I  do  not  know  that  the  experiment  hou  ever 
been  tried ;  but,  at  any  rate,  the  quantity  of  the 
colouring  material  would  be  much  less.     In  very 
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&ir  European  skins.  It  has  even  been  by  some  consi- 
Atred,  btit  without  sufficient  evidence,  as  altogether 
wmting;  for  though  ilie  colouring  matter  may 
jmy,  atid  in  very  white  skins  be  altogether  want- 
ii^,  the  organ  on  which  it  is  deposited  seenu 
dways  to  exist 

CHARLES. 

The  colour  of  the  hair,  I  suppose,  depends  on 
the  same  cause  as  that  of  the  skin  ? 

DR.  A. 

To  a  certain  extent ;  but  the  origin  of  tlie  hair 
is  deeper  seated,  though  it  takes  a  shade  in  pass- 
ing through  the  mucous  net-work.  Tiieie  seems, 
however,  to  lie  an  actual  diiference  in  tlie  colour 
of  the  rudiment  of  the  hair,  connected  generally, 
but  in  n  way  not  sufficiently  known,  with  the 
pecnliarities  uf  the  skin.  Some  have  indeed 
ionapDed,  that  the  colour  of  the  skin  is  produced, 
or  secreted,  as  we  term  it,  from  the  bulbs  of  the 
hair,  because  it  has  been  found,  on  its  being  le- 
morved  by  blisters,  to  re-nppear  at  the  pores  or 
opcidngs  through  which  the  hairs  protrude ;  and 
•Isot  because  there  is  less  colour  on  such  parts  as 
■re  without  hair,  as  the  soles  of  the  feet,  and  the 
poItBS  of  the  hands,  than  In  other  parts  of  die  body 
where  hair  exists.  There  seems,  however,  to  be 
ereiy  reason  for  imagining,  that  the  secretion  of 
tkb  colouring  matter  is  a  property  of  the  true  skin 
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-generally  ;  (ox  not  only  are  there  occasional  am 
malies  Iq  the  colour  of  the  hair,  as  compared  wii 
ihst  of  the  skill,  but  the  palms  of  the  hands,  and 
■soles  of  the  feet,  are  never  without  considerable 
colour ;  and  some  parts  hkewise,  which  are  without 
hair,  aie  occasionally  black,  as  the  inside  of  thg 

lip,. 

CHARLES. 

I  recollect  that  President  JeJferson,  in  his  Notey 
on  Virginia,  mentions  having  seen  white  negroes  s 
are  they  without  the  organ  of  colour,  if  one  may 
employ  such  an  expression,  or  does  their  peculi 
arity  arise  from  any  particular  disease  ? 


It  is  quite  the  result  of  natural  conformation^ 
and  seems  to  arise,  as  you  suppose,  from  a  wai 
of  the  power  wliich  produces  colour  in  Uie  body. 
It  occurs  among  persons  of  all  colours,  and  codf 
stitutes  what  is  termed  an  albino.  It  exists,  like< 
wise,  in  some  quadrupeds;  and  whenever  it  occur^ 
whether  in  them  or  the  human  species,  the  hair  ii 
exceedingly  light  coloured,  soft,  and  silky;  ana 
there  is  generally  a  very  remarkable  peculiarity  ig 
the  eye,  which  I  shall  more  particularly  explui) 
to  you  when  we  come  to  that  organ.  Suffice! 
it  to  say,  that  the  pupil,  instead  of  being  black,  is 
red,  From  the  absence  of  that  colouring  matter  in 
the  body  of  the  eye  which  exists  in  ordinary  c 
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I  unutances.  The  eye  is  preternaturally  suscep- 
ulile  to  ligbt,  is  kept  generally  half  shut,  and  is 
coDtimtally  twinkling  during  the  day,  being  better 
adapted  to  seeing  in  the  shade,  or  in  the  dusk, 
than  in  broad  daylight.  A  female  was  exhibited 
in  London,  some  years  since,  in  whom  these  pecu- 
liarities were  very  strikingly  evinced. 

HARRIET. 

I  sLould  be  curious,  Charles,  to  know  some- 
iliing  about  the  white  negroes  of  whom  Mr.  Jef< 
fcrsoR  speaks. 

CHARLES. 

lie  nteutlons  seven  instances  of  this  peculiarity, 
vf  whidi  ^x  were  in  feniules,  tl]ree  of  whom  were 
siteTs,  They  were  all  the  offspring  of  negroes : 
oae  of  these  had  un  albino  child,  and  three  other^g 
had  clutdreu  which  were  black. 


It  somedmes  happens  that  tlie  colouring  matter 
of  lite  skin  is  wanting  In  particular  places  ;  and 
bence  arises  white  patches  of  various  dimensions, 
which,  in  the  negro,  make  a  very  extraordinary 
snneanuice.  There  was  a  curious  example  of  this 
peculiarity  seen  in  a  negro  boy,  in  Loudon,  a  good 
Risny  years  ago. 

The  true  skin  forms,  as  I  have  mentioned,  the 
ririncipal  part  of  the  integuments,  and  constitutes 
■'ie  organ  of  touch. 
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SOPHIA. 

But  touch  is  not  equally  perfect  over  the  whob 
body.  In  order  to  feel,  we  employ  the  lingera 
and  hence,  I  suppose,  they  possess,  in  a  greotV 
degree  tlian  otlier  parts,  the  feeling  power. 

DR.  A. 

The  power  of  touch  exists  in  the  greatest  de- 
gree, unquestionably,  at  the  ends  of  the  fingen^ 
in  slight  elevations  of  the  skin,  called  papillee, 
immediate  organs  of  sensation  are,  however,  bi 
white  threa<is,  called  nerves,  which  are  more  of 
less  immediately  derived  trom  the  brain,  and  thess 
are  diffused  very  plentifiiHy  over  the  ends  of  the 
fingers,  and  particularly  the  papilla,  which,  bf 
this  means,  are  calculated  to  communicate  minato 
impressions  with  great  accuracy. 

HATIRIET. 

I  had  no  idea  that  there  were  actually  such 
things  as  nerves.  One  hears  of  nervous  people^ 
weak  nerves,  and  disorders  of  the  nerves  ,■  but  I- 
always  iiincied  that  these  were  other  names  for 
fiuiciful  or  overcharge<I  complaints. 


And  so  they  often  are,  in  common  language;  but 
in  speaking  of  nerves,  in  a  more  precise  and  cot^ 
rect  manner,  you  must  consider  them  as  having  as 
much  a  separate  existence  as  bones  or  Sesh. 
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Most  animals  have,  independently  of  tbe  general 
diSusion  of  sensibility  over  the  surface,  some  par- 
ticutar  part  which  possesses  the  sense  of  touch  in 
a  pre-eminent  degree.     The  nose  or  snout  is  a 
veiy    common  organ  for  this  purpose  in  tnoD^ 
aniinals;  and  with  the  elephant,  large  and   un- 
wieldy as  it  is,  the  extremity  of  llie  trunk  is  pro- 
^^wW  with  an  organ,  as  small  nnd  delicate  as  the 
^^kmaa   finger,   and   capnble  of  taking   hold   of 
^Hpt}'  small  objects,  as  needles  or  pins,  with  great 
^Mlity. 

SOPHIA. 

I  recollect  perfectly  a  small  projection  at  the 
end  of  the  trunk  of  the  elephnnt  which  we  saw  at 
Exeter  'Change,  hke  the  extremity  of  a  finger, 
which  seemed  to  be  in  continual  motion,  as  if  in 
rch  of  something  to  take  hold  uf. 


^  This  is  what  I  mention  ;  and  it  acts  by  doubling 
a  the  nostril.     When  it  has  laid  hold  of  any 
;  it  can  at  pleasure  convey  it  into  its  mouth, 
f  tlie  curving  of  the  tinink,  which  has  an  extra- 
ordinary facility  of  motion. 

Tbe  skin  Is  largely  supplied  with  blood-vessels, 
which,  it  is  sufficient  to  say  at  present,  are  very 


anal!  hollow  tubes,  conveying 


blood  for  the  n 


^^ttD   Other 


ish- 
of  the  different  parts  of  the  body.  It  has 
other  Fessels   passing   through  it,  some  of 
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which  curry  off"  what  is  intended  to  be  ibi 
out,  others  which  absorb  what  Is  ilesigiied  to  bft 
Takea  in.  It  is  of  a  dense,  fibrous  texture,  very: 
extensible,  but  not  ndmitting,  like  the  scart-skinj 
of  the  supply  of  any  part  which  niay  be  lost. 

HARRIET. 

But  do  you  mean  to  say,  that  if  a  portion  of 
skin  is  cut  out,  or  taken  off,  it  is  not  iignin  supplied? 

DR.  A. 

The  part  will  heal ;  and,  if  the  skin  Is  brought 
toother  very  correctly,  the  cut  portions  will  unitCi 
so  as  that  hardly  any  mark  will  remain  :  but  the 
mark,  sear,  or  eschar,  as  it  is  technically  called,  is 
a  part  without  skin,  and  is  therefore  more  liable  tq 
injury  than  before  the  accident,  because  less  sup- 
ported. The  small-pox  and  cow-pox,  in  die  marks 
which  they  leave  behind  them,  afford  an  exempli 
fication  of  the  same  thing.  There  is,  in  each  of 
these  diseases,  a  slight  destruction  of  the  skin 
the  pustule  or  vesicle,  which  is  not  filled  up  or 
repaired,  as  you  may  see  in  the  cow-pox  mark  in 
each  of  your  arms. 

The  skin  has  a  certain  elasticity  in  young  and 
middle  life,  but  it  does  not  contract  with  the 
muscles  situated  below  it;  and  hence  it  forms 
various  folds,  which,  in  the  countenance  particu- 
larly, give  a  certain  variety  of  expression.  It  is 
connected  to  the  parts  below  by  a  sort  of  net-work. 
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oJled  cellular  membrane,  and  Utis  being  sofi  and 
extensible,  admits  oftlie  easy  motion  of  the  ^kinover 
the  parts  below.  It  becomes  more  rigid  as  we  ad- 
vance in  life ;  tlie  adhesion  is  more  firm ;  and  hence 
jlie  depressions  are  produced  which  form  wrialdfiS( 
icularly  in  tfain  people.  «i 

CHAHLES,  ^^^ 

I  recollect  that  in  the  Conversations  on  Chemis- 
try there  is  a  description  of  the  mode  of  producin); 
Mlher;   and  an  interesting  example  is  given  of 
e  process,  in  the  mixture  of  an  infusion  of  oak 
:,  which  possesses  in  it  the  tanning  principle, 
gelatine   or  Isinglass ;  the  product  being  a 
a  yellow  matter,  insoluble  in  water.     The  skin 
iniinals  has  in  it,  I  presume,  a  large  quantity  of 
>  particular  substance,  gelatine,  which  enables 
0  uodergo  that  change. 

'.  Hi 
DR.  A. 

You  are  quite  right.  Tlie  tanning  principle  of 
the  oak  bark  unites  with  the  jelly,  through  the 
whole  substance  of  the  skin  or  hide,  and  produces 
the  change  to  which  we  owe  so  many  iniporiant 
parts  of  our  dress,  as  well  as  a  great  number  of  our 
most  usefbl  implements. 

KAnniET. 
Is  leather  thus  formed  simply  by  immersing  n 
■sHn  ■"  »  strong  impregnation  of  oak  bark?  ^ 
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DR.  A. 

This  is  the  material  part  of  the  process;  but 
then  there  are  several  accessory  ones  which  I  shaS 
describe  to  you.  In  the  first  pince,  a 
Uirown  lor  a  day  or  two  into  water,  to  free  it  froia 
any  impurities  which  attach  to  it.  It  is  then 
upoii  a  half  cylinder  of  stone,  called  a  beam,  where 
it  is  cleared  of  any  adhering  fat  or  flesh.  After* . 
wards,  it  is  ihrotvn  into  a  pit,  containuig  a 
of  lime  and  water,  where  it  is  Itept  several  daj 
in  order  to  loosen  t)ie  hair,  which  is  scraped  froD ' 
it  on  tlie  beam,  by  a  bhint  knife,  having  a  handle 
at  each  end.  It  is  then  put  into  what  is  called  the 
mastering  pit,  with  some  putrescent  material,  gfr 
nerally  tlie  dung  of  hens  or  pigeons,  by  means  of 
wliich  the  hide  becomes  softened.  After  it  ha> 
been  again  well  scraped  on  the  beam,  it  becomes 
fit  for  conversion  into  leather. 

HAHniET. 

What  o  very  troublesome  preparatory  operation] 
Bim  as  lime  is  a.  very  corrosive  material,  I  should 
twve  thought  that  the  texture  of  the  leather  would 
be  injured  by  its  influeoce. 

DIt.  A. 

So  it  would,  if  care  were  not  taken  to  separate 
it;  but  when  the  hides  are  very  tliick,  and  there 
would  be  danger  of  some  of  the  lime  being  r» 
tained  in  tlie  skin,  which  it  would  render  so  bard 
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as  to  be  apt  to  crack,  then  the  limiiig  is  omitted, 
and  llie  sepu^tion  of  the  hnir  is  efiecLed  by  heap- 
ing ibe  fikiiii  together  tor  n  short  time,  ui  order  to 
acquire  a  certain  degree  of  putrescence.  In  thii 
case,  the  final  preparnlion  for  tanning  is  effected 
by  iromereing  them  in  an  acid  solution,  which 
seems  to  open  the  pores,  and  to  fit  the  hide  for 
ibe  action  of  the  tan. 

"HARRIET. 

Bat  is  the  tan  able  to  pierce  sufficiendy  the  sul> 
staace  of  a  thick  hide,  hy  merely  immersing  the 
latter  in  a.  strong  infusion  of  the  former  ?  One 
mwld  imagine  that  the  outside  would  become  hard, 
befijre  the  interior  could  he  sufficiently  acted  upon. 

DR.  i. 

It  certainly  would ;  and  therefore  tlie  skins  are 
exposed,  in  the  first  instance,  to  very  weak  infu- 
fions  of  the  bruised  oak  bark,  which  are  gradually 
made  stronger  and  stronger,  to  the  utmost  extent. 
The  process  is  therefore  very  tedious ;  eighteen  or 
twenty  months  being  required  for  the  manufacture 
of  the  tliickest  leather,  and  three  or  four  months 
for  common  calf-skin.  There  is  a  considerable 
accession  of  weight  in  the  formation  of  the  leather, 
eroi  after  the  drying  is  over.  This  last  is  eSected 
by  banging  the  hide  in  a  dr^'mg-house]  exposed  to 
a  free  circulation  of  air. 
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SOPHIA, 

I  suppose  there  is  a  general  similarity  in  the 
skins  of  all  animals,  so  as  tliat  they  all  admit  of  s 
conversion  into  leather  by  the  proper  means. 


All  of  them;  and  even  some  of  die  finer  mem 
branes  are  capable  of  being  converted  into  leathei 
Here  is  a  specimen  of  leather  made  from  a  poiv 
tion  of  tlie  skin  of  a  man  who  was  executed  fotj 
nim'der ;  and  1  have  seen  leather  prepared  froni 
llie  most  delicate  skins  of  birds. 

The  process,  however,  which  is  employed  in  tl 
fabrication  of  leather  from  thin  skins,  as  tliose  « 
sheep,  lambs,  goats,  &c.  requires  more  nicety,  t 
is  carried  on  as  a  distinct  business.     More  pre 
vious  care  is  necessary  in  the  preparing  them  fot 
the  conversion  into  leather;  and,  instead  of  bol 
bark,  sumach  is  often  employed  for  the  purpos 
which  is  a  gum  containing  a  great  deal  of  tha' 
tanning  principle.     In  the  wliite  skins,  however, 
iawiitg  instead  of  laniiitig  is  employed ;  and  this 
consists  in  an  exposure  to  a  solution  of  alum  and 
salt  in  warm  water,  by  which  a  conversion  into 
leather  is  effected. 

SOPHIA. 

Are  the  different  varieties  of  leather,  such  us 
Morocco  and  Russia,  dependent  on  the  nature 
of  the  skill,  or  the  process  employed  in  the 
fabrication  ? 
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DH.  A. 

A  litUe  on  both,  but  principally  on  the  Intter. 
Tbc  real  Morocco  is  made  at  Fez  and  Tetuan, 
Irom  gout-skins,  and  is  prepared  by  sal  gem,  or 
nx'k  lalt  alone,  and  not  by  salt  and  alum.  It  is, 
'  course,  coloured  subsequently,  as  is  the  M<h 
:<r>cco  of  tbis  coiintry,  which  is  made  of  goat- 
skin, and  tanned  by  sumach.  Tlie  Russia  leather 
is  generally  tauned  by  the  bark  of  the  black 
wilUnr  or  the  birch ;  and  after  being  coloured  is 
smeared  over  with  birch  tar,  which  gives  it  its 
peculiar  and  characteristic  smell. 

In  Oie  preparing  of  leather  for  the  purposes  for 
wliicti  it  is  intended,  there  ai-e  various  other  pro- 
cesses necessary',  of  which  a  very  important  one, 
far  such  leather  as  is  to  resist  wet.  Is  currying, 
which  consists  principally  in  impregnating  the 
leatlicr,  with  curriers'  (generally  fish)  oil,  which 
penetrates  deeply  into  its  pores.  Graining  is 
made  by  friction  with  box-wood  balls,  having 
parallel  grooves  on  them ;  and  the  barred  surface 
of  Russia  leather,  by  tlie  pressure  of  a  very  heavy 
iteel  cylinder  wound  round  with  wires. 

CHARLES. 

Glue,  I  think,  is  a  species  of  jelly.  Is  this  pro- 
eared  from  the  skins  of  animals  ? 


The  skins  of  animals  will  fiUTiish  it ;  but  so  will 
evefy  other  substance  {of  which  there  are  many) 
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which  contains  jelly.  It  is  generally  procured  by 
boiling  the  parings  of  bides  and  horns  of  any  kind, 
the  pelts  from  furriers,  the  hoofs  and  ears  of  horses, 
oxen,  calves,  sheep,  8(c.;  and  after  the  jelly  obtained 
by  such  boiling  is  purified,  it  is  boiled  down,  put 
into  frames  cut  into  proper  sizes,  and  hardened 
by  exposure  to  the  air.  Isinglass  is  a  finer  kind  of 
glue,  or  a  very  pure  jelly,  which  is  prepared, 
principally  in  Russia,  from  the  air-bladder  and 
different  parts  of  the  entrnilti  of  various  fish,  par- 
dcularly  the  sturge<Mi,  by  little  more  than  cleans- 
ing cutting  out,  and  dryhig. 

SOPHIA. 

Is  hardness  of  the  cuticle,  when  it  occurs  in 
working  people  or  others,  owing  in  any  way  to  ft 
sort  of  natural  tanning  which  it  undergoes  after 
its  production  ? 

DR.  A. 

This  is  an  ingenious  hypothesis ;  but,  unfortu- 
nately for  it,  the  nature  of  the  sliin  and  cuticle  ore 
tery  dissimilar;  the  skin  principally  consbting  of 
gelatine  or  jelly,  the  cuticle  of  albumen,  or  that 
particular  substance  which  forms  the  white  of  an 
egg.  Now  an  important  distinction  of  jelly  is 
its  great  solubility  in  water,  and  its  forming  an 
insoluble  precipitate  with  infusion  of  oak  bark ; 
while  the  great  characteristic  of  albumen  is  its 
coagulating  by  heat.  The  analogy  which  exists 
botwoeo  the  nature  of  scarf-skiu  and  albumen, 
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md  the  circumstances  which  show  thnt  the  former 
s  k  modification  of  the  latter,  aie  evinced  by  both 
flf  them  becoming  yellow  by  the  action  of  nitric 
■id,  and  having  the  yellow  tinge  changed  to  a 
porple,  by  means  of  atnmonia. 

Th«  hardness  which  you  speak  of  h  capable  of 
being  produced  by  mere  pressure,  of  which  the 
soles  of  the  feet  ant!  palms  of  the  hands  afford 
nmaikable  examples :  lor  though  the  scarf-skin 
is  naturally  thicker  in  these  tftan  in  other  parti 
of  tJie  body,  yet  in  neither  the  feet  nor  the  hands 
oould  it  sufficiently  protect  the  parts  beneath  from 
the  efTects  of  great  exercise,  either  in  walking  or 
labour,  unless  for  the  wise  provision  of  having  its 
thickness,  and  consequently  its  power  of  resisting 
injuriee,  increased  by  use.  The  immediate  cause 
of  this  augmentation  seems  to  lie  a  curious  power, 
possessed  by  the  skin  itself)  of  furnishing  addi- 
tiooal  materials  for  the  fabrication  of  scarf-skin, 
vhenever  increased  pressure  seems  to  indicate  a 
necessity  for  such  augmentation  in  the  protection 
nqaired. 

HARRIET. 

Do  the  skills  of  other  animals  admit  the  same 
difiskm  as  that  of  man,  into  epidermis,  mucous 
uetfWorkf  and  true  skin  ? 

DR.  A. 

Pretty  nearly  so,  but  with  some  inodilicationsj 
dqwoding  on  the  particular  nature  of  the  animal. 
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Some  animals,  for  example,  have  an  exceedingly 
tliick  epidermis  or  scarf-skin,  as  the  elephant  and 
hippopotamus  ;  and  even  in  die  human  race,  the 
scarf-skin,  in  some  few  cases  of  disease,  assumei 
a  hard,  irregular,  dark-coloured  and  scaly  ch» 
racter,  known  by  the  name  of  ichthyosis,  or  fish- 
skin.  Inslances  have  been  known  of  a  cbatigi 
of  cuticle  into  a  brown,  thick,  hard,  and  insensi^ 
ble  substance,  with  projections  like  porcupine^ 
quills ;  and  ibis  totally  independent  of  disease,  : 
the  individual  having  so  singular  a  peculiarity. 

HARRIET. 

We  must,  I  think,  view  the  cuticle  as  an  im- 
portant defence  to  the  skin  in  all  animals.  ' 

DR.  A. 

Certainly;  and  its  nature  varies  according  tfl 
the  medium  which  they  occupy.  Tliose  whicli 
live  in  air  have  their  cuticle  dry  and  homy ;  fish) 
on  the  otlier  hand,  have  it  mucous,  viscous,  or  oily, 
so  as  to  prevent  injury  by  the  action  of  the  water 
upon  it.  Some  animals,  I  have  already  observed* 
s  serpents,  cast  the  cuticle  once  a  year,  and  this 
in  so  perfect  a  way,  as  that  there  is  even  the  rotun- 
dity of  the  eye  itself  discoverable  in  the  exuvls. 

CHARLES. 

The  scales  of  the  serpent  and  fish  are,  I  con- 
clude, composed  of  thickened  cuticle. 
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They  have  their  origin  in  the  skin,  and  are 
wjrered  by  a  thin  cuticle  or  epidermis;  but  they 
jre  not  a  part,  or  niodificiition  of  cuticle,  being  of 
a  macfa  firmer  and  harder  material.  Insects,  whe- 
ther in  the  larra  state,  or  in  that  of  the  pupa,  or  of 
ihe  perfect  animal,  have  a  true  cuticle;  but  as  this, 
wbeo  once  dry  and  hardened,  no  longer  admits  of 
bong  strctcbetl,  so  as  to  accommodate  itaelf  to 
f  growtlj,  it  is  thrown  off  by  the  larva,  as 
a  sort  of  sheath  or  case,  as  soon  as  the  animal  has 
ired  a  certain  size.     This  operation,  however, 

:es  pisce  eta  defined  period  for  every  species ;  and 
dqiends,  to  a  certain  degree,  on  atmospheric  tem- 
perature Insects  are  said  to  be  moulting  at  this 
emis,  and  they  ore  often  many  days  in  preparing 
tli«mselres  for  it.  It  sometimes  proves  mortal  lo 
tbem.  The  greater  part  of  sUkworms,  and  of  the 
csierpiUanof  butterBies,  cast  off  iheir  cuticles  seven 
dines ;  and  some  insects  even  ten  times  before  they 
puss  into  tbe  state  of  chrysalis. 

SOPHIA. 

I  Mn  ashamed  to  be  under  tlie  necessity  of 
re(]D«sting  yon  to  give  us  the  meaning  of  those 
terms,  tbe  precise  signification  of  which  is  not 
(juite  tn  my  recollection. 

DR.  A. 

The  perfect  insect  lays  its  eggs,  which  form  the 
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first  State  of  the  animal.   These  produce  the  worm^ 
grub,  caterpillar,  or  larva ;  which  last  term  h 
because  the  animal  is  supposed,  in  this  state,  to  b 
under  a  sort  of  larva  or  mask. 

The  third  state  is  that  of  the  pupa,  which  i 
so  called  from  the  resemblance  to  a  swaddled  childi 
Synonymous  with  this  are  the  terms,  nymph, 
relia,  and  chrysalis. 

The  fourtli  and  last  state  is  tliat  of  the  perfect 
insect,  imago,  or  complete  image  of  its  species. 

CHARLES. 

The  skin  itself,  I  suppose,  as  well  as  the  cutjd^ 
varies  in  thickness  in  different  animals  ? 

DR.  A. 

Very  much  so|  and  in  difierent  parts  oft! 
same  animal,  as  the  back,  where  the  skin  is  mm 
thicker  tlian  elsewhere.  There  i^  a  peculiarity  in  tl 
attachment  of  the  skin  of  the  trog  and  tuad  to  thq 
body,  which  does  not  apply  to  other  animals.    It  is 
only  adherent  at  a  lew  jraints ;  being  in  other  re- 
spects a  loose  bag,  inclosing  the  body;  whereae,  ii 
most  animals,  it  is  closely  adherent  to  the  muscular 
surface  beneath,  by  means  of  cellular  membrane^ 
as  I  have  already  mentioned. 

CHARLES. 

You  stated  that  the  origin  of  the  hiur  is  deeper 
sealed  than  the  mucous  network.     It  must  aris^ 
suppose,  from  the  skin  itself;  and,  indeed,  the  slight 
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pain  whtcfa  is  prcxlaced  in  drawing  a  hair  out  by 
tbe  roots,  evinces  its  origin  to  be  in  a  sensible 
pwt. 

DR.  A. 

Certainly.  The  hairs  are  more  or  less  deeply 
Hoted,  according  to  their  magnitude ;  some  arising 
worly  at  tlie  surface  of  the  skin ;  others  deep  m 
iu  substance ;  while  others  of  a  larger  size  ex- 
tend even  below  the  skin.  Each  separate  hair  has 
adistioct  origin  in  vascular  pulp,  which  is  con- 
tained in  8  capsule  or  covering,  lodged  eiiber  wholly 
in  the  body  of  the  skin,  or  In  port  beneadi  it ;  and 
having  a  horny  and  insensible  stem  proceeding 
from  h,  which  pierces  through  tlie  outer  part  of  the 
-\ia,  the  mucous  network,  and  the  scarf  skin. 
ibe  vascular  pulp  provides  for  the  continued 
grawtb  of  the  hair,  which  is  hollow,  and  contains 
a  mall  quantity  of  this  pulp,  to  which  it  owes 
its  nooriEhment,  in  a  sort  of  cellular  structure 
witbin  iu 

SOPHIA. 

Is  evety  bsir  then  really  a  tube  ? 

DR.  A. 

It  is  «o;  and  n  lens  of  moderate  power  will  dis- 
cover tire  tabular  formation  in  large  hiiirs,  such  as 
tbe  whiskers  of  the  cat,  hare,  or  seal.  These  par- 
ikvlar  hairs,  by  the  way,  have,  at  their  origin,  a 
ploitirill  supply  of  nerves,  which  makes  them  use- 
ful 01  feelers,  or  organs  of  touch.  The  pulpy 
c  2 
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matter  extends  only  to  that  part  of  the  hair  which  u 
in  a  state  of  growth ;  and  when  the  hair  is  about  to 
be  shed,  the  pulp  retires,  and  leaves  the  lower  pan 
of  the  stem  of  the  bnlr,  in  some  animals,  coitverte<l 
into  a  solid  pointed  mass,  easily  separable  from  the 
part  below,  and  in  time  pushed  up  from  it.  The 
hog's  bristle  is  nn  example  of  this,  which  is  thrown 
off  and  supplied  by  others  in  succession :  but  there 
in  this  i^culiarity  in  the  bristle,  that  it  has  two 
canals  in  its  substance,  and  is  composed  of  a  con- 
siderable number  of  small  filaments  united  together, 
as  may  be  readily  observed  in  a  common  brush. 

I  show  you  here,  from  a  German  work,  the 
sketch  of  a  hair  from  tlie  eyebrows,  magnified  to 
a  great  extent  by  the  solar  microscope ;  (a  a)  being 
the  boily  of  the  hair;  {f>b)  the  bulb;  (ccc)  littl>^ 
roots,  which  are  attached  to  the  bulb :  (d)-  (he 
tube  or  canal. 
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^^f  SOPHIA. 

I  altrays  supposed,  tliat  when  a  hair  was  pulled 
oat,  its  root  was  token  away,  and  It  would  not  grow 
ogsjn ;  but,  it  would  appear,  that  in  such  n  case^ 
tiiere  is  only  a  sepamtioa  of  the  upper  part  of  it  ? 

DR.  A. 

C«rtainly.  The  liulb,  or  material  which  forms 
ihe  bur,  is  left;  and  hence,  when  the  hair  falls  olf, 
nder  circumstances  of  particular  complaints,  it  is 
ooi  iiretrievably  lost,  but  grows  again  as  the  pei^ 
ion  recovers  strength.  Most  animals  lose  their 
coats  at  pgrticnlor  seasons,  which  they  do  by  new 
h«irj  springing  up,  and  displacing  the  old  ones. 
In  many  nxlions  it  is  customary  to  pull  out  the 
batr  of  the  beard,  particularly,  by  means  of  pin- 
cvrs ;  but  ibis  operation  requires  repetition  at 
certain  intervals,  as  you  may  now  readily  infer. 

CMdRLES. 

You  mentioned  that  the  colour  of  the  hair  was 
not  altogether  dependent  on  the  nature  of  the  luu- 
oons  network,  inasmuch  as  its  origin  is  deeper 
Mated.  This  seems  to  be  confirmed  by  the  cir- 
cumstance to  which  you  have  alluded,  that  fair 
people  sometimes  have  dark  hair. 

DR.  A. 

This  is  cerUinly  the  case ;  and  skins  of  the  sasie 

shade  will  often  have  hair  of  very  diHerenl  colours 

jnd  detcriptions.     In  general,  however,  there  is, 
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notwithstanding  some  occasional  anomalies,  a  cei 
tain  connection  or  relation  between  ibe  colour  i 
the  skin  and  that  of  the  hair  and  eyes ;  and  wll 
the  varieties  of  colour  by  which  different  natioi 
are  distinguished,  there  are  certain  peculiaritie 
not  only  in  the  colour  of  the  hair,  but  in  its 
ture  and  disposition  to  curl. 

SOPHIA. 

How  is  the  change  of  the  colour  of  hair  to  grey 
accounted  fur  ? 

DR.  A. 

Tliis  seecns  to  depend,  not  only  on  the  absoi 
tion,  or  removal  of  colour  froii]  the  hair  itself,  bi 
on  the  cessation  of  that  influence  on  the  body  i 
the  hair,  by  means  of  wiiich  Its  colour  Is  maintalnei 
It  does  not,  however,  appear  to  be  necessarily  coi 
nected  with  any  diminution  of  power  in  the  ha 
itself;  for  many  persons  have  grey  hulrs,  long  beFoi 
age  gives  them  any  claim  to  that  distinction:  an 
such  people  have  generally  rather  less  than  more 
usual  tendency  to  baldness.     The  change  of 
to  grey  is  an  efiect  which  sometimes  occurs  ver] 
speedily.     Passions  of  the  mind  have  an  extra- 
ordinary  mfluence   in   producing  this  cha 
which  the  French  revolution  is  said  to  have  fiiiv 
nlshed  many  examples.     Bickat,  a  distinguished 
French  anatomist,  relates  that  he  has  known  five 
or  sijc  cases,  in  which  the  hair  lost  its  colour  in 
less  than   a   week;    and  states,  that  be  was  ao* 
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qoainted  with  one  person,  in  nliom  the  hair  became 
gny  m  evea  a  single  night,  in  consequence  of  his 
hearing  some  distressing  news.  Some  have  ima- 
gined, that  the  speeJy  removal  of  the  colour  of  the 
bair,  in  such  case,  is  owing  to  the  production  of  an 
aciii ;  but  this  opinion,  tliough  supported  by  the 
authority  of  Vauquelin,  a  very  eminent  French 
chemist,  does  nut  seem  to  rest  on  sufficient  grounds. 
There  is,  indeed,  much  obscurity  in  the  subject 

Tbe  power  on  which  colour  depends  is  some- 
ttmes  connected  with  temperature;  for  many  ani- 
iiui$  of  the  Polar  regions  become  white  in  winter, 
and  recover  their  proper  colour  in  summer.  In  this 
case,  hoirever,  there  is  a  new  crop  of  hair  produced 
f»r  the  winter,  which  is  not  only  light  coloured, 
ijut  much  more  close  and  downy  than  the  Eum- 
nercoat;  and  connected  with  the  production  of 
the  warmer  covering,  is  the  singular  suspension 
of  the  power  on  which  the  communication  of  co- 
lour depends. 

Ad  injory  to  a  pari  will  sometimes  affect  the 
production  of  the  colouring  material  :  as  in 
botses,  where  tlie  new  hair  is  always  grey. 

CHARLES. 

Do  the  singular  productions  of  skin,  which  are 
possessed  by  the  porcupine  and  hedgehog,  bear 
•a  analogy  to  the  hair  of  other  animals  P 
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DR.  A. 

A  considerable  one,  both  in  nature  aad  mo 
of  formation. 

HARRIET. 

"ITie  clothing  which  hair  is  intended  to  give 
quadrupeds  is,  I  conclude,  given  by  feathers 
birds  i  but  is  there  much  similarity  in  structure  a 
nature  between  featliers  and  hairs  ? 

DK.  A. 

In  nature  they  are  very  much  alike,  and  liier^ 
-is  likewise  great  similarity  in  structure.  The  bodj 
of  a  bird,  wliicli  has  just  quitted  the  egg,  is  covere 
with  a  downy  hair,  instead  of  feathers.  Thea 
hairs  arise  fiom  one  common  bulb,  which  is  tl 
rudiment  of  the  future  feather.  In  a  few  days,< 
black  cylinder  appears,  which  opens  at  its  a 
tremity,  and  gives  paaaagc  to  the  feather,  whi 
the  hairs  gradually  separate.  The  growth  of  tl 
feather  is  supplied  by  a  pulp  in  its  barrel,  whtd 
is  furnished  by  blood-vessels  entering  from  below 
and  when  the  growth  is  completed,  this  pulp  drie 
up,  and  exhibits  tlie  well-known  shrivelled  sub 
stance  which  is  found  in  the  barrels  of  quiU 
The  immediate  interruption  which  lakes  place  t 
the  growth  of  feathers,  seems  to  be  owing  to  tl 
formation  of  new  oties,  which  shoot  up,  and  ob 
Btruct  the  supply  of  blood  to  those  which  hav 
come  to  maturity,  and  which  are  therefore,  in  th 
course  of  time,  thrown  off.    This  process  is  calls 
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monlung;  bat  in  order  to  lose  nothing  hy  the 
spontsneoQS  separation  of  the  feathers,  the  period 
is  generally  anticipated,  in  tliose  birds  whose  fea- 
thers are  in  demand,  by  plucking  them  before  the 
tijne  that  diey  would  actually  drop  olf. 

HARRIET. 

There  mast,  I  suppose,  be  a  good  deal  of  dif- 
'  rencc  in  the  nature  of  the  feathers  of  land  and 
.  I'cr  birds. 

DR.  A. 
TTiere  seems  lo  be  a  sort  of  oily  secretion  fur- 
shed  to  those  of  the  latter,  which  prevents  them 
iicii^  soaked  by  wet,  in  the  way  that  the  former 
wotdd  be.  This  property,  I  have  no  doubt,  gives 
iWm  nbewise  a  certain  buoyancy,  which  is  useful 
them  in  swimming. 

The  coverings  with  which  nature  has  fiimished 

Glials  are,  llierefore,  in  every  way  accommodated 

their    particular   habits   or   necessities.      But 

;  F.ir   utility  does  not  terminate  with  the  animal 

r  whose  service  they  are  immediately  intended. 

Tbcy  are  of  daily  importimce  to  man  in  various 

We  owe  to  theni  nuiny  of  our  most  valuable 

I  miclcs  of  clothing;  the  softness  and  warmtli  of 

r  beds  and  couches  ;  and  the  materials  of  nu- 

s  ipdispensable  domestic  Implements ;  while 

I  plumes  of  the  ostrich,   and  the  skin  of  the 

,  furnish  the  most  splendid  decorations  to 
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H         royol^  itselC     Last,  but  not  least,  in  the  scale  a 
H         usefulness,  is  the  quill. 

H  CHARLES. 

H  We  cannot  indeed  be  too  grateful  to  the  fi 

™  thered  tribe  for   this   litde  instrument,   throng 

whose  medium  we  have  obtained   the  stores 
knowledge  which  we  possess;  and  to  which  we  a: 
indebted  for  the  means   of  communicating  i 
distant  friends,  iind  of  giving  permanence  to  en 
nescenl  thoughts. 

DR.  A. 

A  very  handsome  compliment  to  the  poultry 
yard,  Mr.  Charles,  and  one  which  it  well  merit) 
notwithstanding  the  occasional  use  of  metallic  p 

The  noils  are  anodier  part  of  the  integumenO 
and  are  insensible  substances,  of  a  nature  s 
to  scarf  skin,  and  firmly  Exed  to  it,  so  as  to  » 
rate   with    it   after  long   maceration.     They   i 
formed  from  the  skin,  and  are  lodged  in  a  doublii 
of  it.    They  consist  of  thin  transparent  plates,  a 
are  intended  as  a  defence  to  the  organs  of  touch. 

SOPHIA. 

Would  the  nnils,  if  left  to  themselves,  grow,  11 
the  hoofe  of  animals,  to  a  great  extent? 

DR.  A. 

They  would  curve  over  the  ends  of  the  fingers,  a 
grow  till  tliey  assumed  n  pointed  form.  —  Claws  a 
hoofs  are  given  to  various  quadrupeds  and  birds;  k 
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where  the  former  are  required  to  be  kept  very  sharp, 
u  in  animals  of  the  cat  kind,  there  is  a  tittle  npps- 
rstos  provided,  by  means  of  which  they  are  drawn 
into  a  kind  of  sheadi,  and  tlius  preserved  from 
tDJwy.  In  general,  however,  die  hoofs  and  claws 
are  intended  to  preserve  the  feet  of  animals  from 
being  hart  by  walking ;  or  to  give  the  necessary 
Hippott  to  the  toes,  in  the  various  operations  which 
they  are  intended  to  perform.  Where  the  hard- 
ness of  roads  would  wear  away  the  hoofs,  as  in 
horses,  mules,  and  nsses,  an  artificial  defence,  in 
th«  way  of  iron  shoes,  is  given,  which  it  does  not 
appear  that  the  ancients  found  necessary,  and 
which  are,  with  us,  sometimes  taken  off  when  ani- 
mals are  at  grass.  The  ordinary  use  to  which 
hoo&  and  claws  are  applied,  keeps  them  of  a  pro- 
per size,  and  preventii  any  undue  growth ;  and  we 
nay  hee  that  the  claws  of  birds,  which  are  intended 
to  assist  them  in  grasping  boughs  with  their  feet, 
are  obliged  occasionally  to  be  cut,  where  confine- 
ment prevent';  the  exercise  which  is  necessary  to 
■or  them  down. 

SOPHIA. 

1  perfectly  recollect  diis  being  the  case  with  a 
Eivoutite  Canary  bird,  which  nurse  had  many  years 
iace :  the  poor  thing  was  often  (juile  a  cripple  till 
:-  daws  were  cut. 

DB.  A. 

The  Romans  were  very  particular  in  their  al- 

c  6 
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tention  to  this  part  of  the  body;  and  during  it 
period  of  tlielr  highest  luxury,  their  barbers  ha 
the  nails  particularly  under  their  care,  trimmia 
and  cutting  them  according  to  prevailing  fusbioi 
It  bos  been  said  by  Le  Compte^  that  amfHig  t^ 
Chinese,  in  his  time,  the  doctors  and  other  leamc 
men  suffered  their  nails  to  grow  to  an  excessil 
length,  not  only  as  an  ornament,  but  a  distlnctii 
to  show  that  these  personages  were  separated  ' 
-mechanical  arts,  and  were  wholly  addicted  I 
science. 

HASniET. 

This  was  as  good  an  ensign  as  the  gold-beadfl 
cane  iuid  the  bag  wig,  which  physicians,  in  tU 
country,  had  of  old;  though  it  might  interfere^ 
little,  it  must  be  owned,  witli  the  feeling  of  tli 
pulse. 

DB.  A. 

Mankind  always  like  to  have  the  trouble  save 
thetn  of  examination  into  professional  merits;  an 
the  cane,  wig,  or  demure  looks  of  the  Em 
doctors,  and  the  long  nails  of  tlie  Chinese,  wei 
equally  a  bort  of  sign-post  of  their  qualifications  t 
preteusioas. 

SOPHIA. 

I  am  very  glad  that  the  fashion  has  altered  befn 

our  time ;  for  it  would  be  odious  to  see  you  wil 

tliose  decorations,  and  particularly  witli  the  sombi 

looks  which  it  was  once  thought  necessary-   fo 
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phpidans  continually  to  weai-,  and  which  would 
lotaQy  freexe  and  repel  atl  approaches  to  that  free- 
dom  of  btercouTse  which  you  kiudly  allow  us. 


Viewing  physicians  as  friends,  or  men  of  science, 
tbe  change  has  been  favourable ;  but  it  i^  perhaps 
^nestionable,  how  far  the  profession,  as  one  of 
which  money  is  to  be  made,  has  gained  by  the 
retnovBl  of  those  ei^lemal  signs  of  dignity  and 
sjpicDce,  to  which  the  public  are  still  apt  to  affix 
the  possession  of  superior  knowledge  or  attain- 
ments. Besides,  it  ifi  to  be  recollectfd,  that  tbe 
legiiiUtur^  in  one  of  its  earliest  laws  relative  to 
[be  medical  profession  (and  which  by  llie  by  is  still 
m  force),  enacted,  that  none  should  be  allowed  to 
practice  physic  but  such  as  were  '  profound,  sad, 
«ad  discreet;'  wliich shows  how  much  the  exterior 
of  3  doctor  was  attended  to  in  the  time  of  Henry 
tbe  Eighth.  But  tliis  opinion  was  of  still  more 
ancient  date;  for  Hippocrates,  whom  we  deserv- 
edly call  the  faUier  of  physic,  and  who  lived  more 
than  two  thousand  years  ago,  in  his  instructions 
to  pby^cians,  recommends  them  to  have  a  medi- 
taitve  and  pensive  cast  of  countenance ;  without, 
however,  apjtearing  harsh  or  haughty ;  and  by  no 
Tzieans  to  indulge  in  laughter,  or  to  be  of  too  cheer- 
fiil  a  turn  of  mind. 
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H  SOPHIA. 

V  But  whatever  the  ancients  may  have  thought 

the  subject,  or  even  our  forefathers  in  more  mod* 
times,  is  it  possihlc  that  the  public  can  be  so  igno> 
rant,  now-a-days,  as  to  be  misled  by  mere  exterioTf 

t       instead  of  looking  to  real  and  substantial  qualt 
ficfttions  ? 
DR.  A. 

When  a  person  is  nell  known,  he  may  be  pro^ 
perly  nppi-eciated ;  but  it  is  nstonisli'mg  how  liltia 
will  bias  the  opinion  of  patients,  or  their  friend^ 
in  the  clioice  of  a  physician,  or  in  tlie  estimate 
which  they  may  form  of  him.  You  must  not  forgeb 
too,  how  much  the  respect  for  judges  and  cout 
sellers  is  increased,  by  the  formidable  magnitud 
of  their  wigs,  and  the  graceful  flowing  of  thei 
robes;  and  there  is  little  doubt,  that  a  portion  c 
their  dignity  and  consequence  would  be  lost,  if  th^ 
were  to  exercise  their  respective  functions  without 
their  appropriate  costume. 

But  the  long  nails  of  tlie  human  race,  howevex 
they  may  have  been  valued  as  embellishmentta 
never  could  be  put  in  competition,  for  active  si 
vice,  with  the  claws  of  various  animals,  which  are 
intended  to  assist  them  in  securing  or  tearing  their 
food,  in  burrowing  into  the  earth,  in  climbing, 
trees,  or  in  fixing  themselves  to  boughs  during 
tlieir  sleep. 
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CHAfU^S. 

!■]  soppose  the  horns  of  animals  bear  a  consicler- 
ible  similarity  in  their  nature  to  nails  and  liairs  ? 

DR.  A. 

The  chemical  results  are  the  same ;  all  of  them 
pnitdpally  consisting,  as  does  likewise  Uie  scarf- 
skin,  of  condensed  or  hardened  albumen;  a 
substance  which  I  liave  already  mentioned  to 
vou ;  bul  horns  vary  very  much  in  tiieir  mode  of 
^rovtb.  Some,  as  in  oxen  and  sbecp,  grow  from 
ibe  bones  of  the  head,  and  increase  in  length  by 
iddibons  at  their  roots ;  others,  as  the  snout  of  the 
ifainuceros,  is  composed  of  a  congeries  of  hair, 
giued  together,  and  united  lirmly  at  bottom,  but 
attached  only  to  the  skin,  and  Iience  allowing 
the  sDOut  to  be  sligluty  moveable ;  while  others,  as 
the  antlers  of  the  stag,  are  deciduous,  being  thrown 
oS,  sod  supplied,  every  year. 

HAKRIET. 

I  recollect  seeing,  I  think  at  Dr.  Horwood'a 
lectures,  a  section  of  the  horn  of  the  rhinoceros, 
in  vhkh  the  hairs  were  exceedingly  apparent ;  but 
what  an  immense  growth  the  antlers  of  tlie  stag 
must  have,  to  be  formed  in  the  course  of  a  single 

DR.  A. 

In  point  of  fact,  these  antlers,  tliough  they  some- 
limes  weigh  a  quarter  of  a  hundred  weight,  are 
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completely  formed  in  ten  weeks :  they  drop  off  in 
the  latter  part  of  the  year,  and  the  part  from  which 
they  originate  soon  becomes  covered  with  skin. 
At  the  proper  season,  tubercles  arise  at  the  place 
from  which  the  new  antlers  sprout;  and  they,  in 
their  turn,  drop  off  to  spring  anew,  but  always 
more  considerable  in  size.  It  must  be  observed, 
however,  that  the  antlers  of  the  deer  tribe  are  very 
different  irom  common  horns.  But  I  shall  have 
occasion  to  advert  to  this  subject  again,  when  I 
explain  to  you  the  nature  of  bone. 


CONVEKSATION  11. 


i 


mvitlojt    01-    ANIMALS,    AND    VARIETIES    OF    . 
KIND. 


I  MKHTioNED  to  you,  at  our  la^t  meeting,  ilic 
five  difierent  varieties  into  wliicb  the  iiuinnn  race 
may  be  divided ;  and  it  is  now  my  iiileullon  to 
{KiiDt  out  to  you  some  of  the  principal  ppculiaritie^ 
vhicb  appertain  to  each.  Before  I  enter  upon 
dus  sabject,  however,  it  may  be  useful  to  make 
500  acquainted  with  the  division,  or  classification 
of  the  auiaial  kingdom,  which  ia  adoptetl  by  nn- 
tundists  of  the  present  day,  because  I  shall  fre- 
cpently  have  occasion  to  refer  to  various  parts  of 
it,  m  executing  the  plan  which  I  propose  for  you. 
Lif  Nsus  divided  the  animal  kingdom  into  six 
dnses;  %-iz. 

I.  Mammalia,  or  those  animals  which  suckle 
tbetr  young;  which  comprehend  the  human  race, 
ipadrupeds  of  ull  kinds,  hats,  seals,  and  wliides. 

II.  BlRDb. 

in.  AHpr.:uiot7s  Animals. 
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IV.  Fishes. 

V.  Insects ;  ami 

VI.  Worms. 
These  classes  be  divided  into  various  ordei 

genera,  and  species ;  and  when  I  tell  you  that  h 
six  classes  consist  of  S3  orders,  ii9  genera,  a 
I9,4>30  species,  you  may  well  imagine,  howmu(4 
natural  history  requires  the  aid  of  metliod,  for  U 
.saccessful  cultivation. 

HARRIET. 

I  am  surprised  to  hear  you  comprise  bats  i 
whales  in  the  same  class  with  man  and  quadrupi 
I  should  have  thought  that  bats  were  birdsj  i 
whales,  fish. 

Bats  have  no  other  claim  to  being  considered'! 
birds,  than  that  of  their  being  able  to  suspend  a 
move  themselves  in  the  air,  just  as  some  species  J 
fish  have  Ukewise  the  power  of  doing  to  a  c 
degree.     Tliey  have  membranous  arms  instead  J 
wings;  are  covered  with  hair;  suckle  their  youoi 
and  have  all  the  other  analogies  of  the  mamm 
class.     Whides,   likewise,   differ  from   fish, 
agree  with  the  mammalia,  in  the  important  ] 
culars  of  giving  suck,  and  in  the  mode  in  whi 
the  blood  circulates,  aud  the  respiration  is  c 

The  division  of  the  animal  kingdom  which  ^ 


bowever,  principally  followed  at  present,  it>  that  of 
CcrtZB,  the  French  pliilosopher,  who  ha.s  so  much 
dudngubhed  himself,  by  bis  successful  pi-osecution 
of  every  bmncli  of  anatomical  and  physiological 
bmrledge :  and  as  it  is  important  to  be  well  ac- 
(]uaiRlPtl  with  the  classification  adopted  by  him,  1 
littll  give  you  a  general  account  of  it,  with  a  more 
poniculur  one  of  his  tirst  principal  division. 

CUsMfication  is,  however,  a  thing  which  requires 
a  good  ileal  of  minute  attention,  and  I  shall  there- 
iin  draw  out,  for  your  use,  in  a  tabular  form,  and 
girc  you,  before  our  next  meeting,  the  more  ma- 
ipria]  parts  of  die  arrnngement  of  both  Linnseus 
mii  Cuvier,  which  you  may  look  over  at  your 
i.jure. 

Cuner  first  distributes  the  animal  kingdom  into 

.T  grand  divisions,  consisting  of 

I.  Vertebrated  Animals,  or  those  which  have 
i  tcrtcbral  column  or  back  bone. 

n.  MoiXuscA,  or  animals  of  a  soft  texture,  hav- 
^gsbellti  occasionally  in  some  parts  of  their  bodies, 
hK  not  bones. 

in.  AnTJCCLATEDjOr  joiNTEu  Animals,  from 
Ibe  peculiar  mode  in  which  the  different  parts  of 
Acir  bodies  are  united  together;  and 

IV.  Zoophytes,  or  radiated  Animals,  from 
dw  orgBOs  which  they  possess  being  placed  round 
1  centre. 

The  VcBTEBRATED  Animals  Cuvier  subdivides 
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into  four  classes:  namely,  the  Mammalia,  Birds^ 
Reptiles,  and  Fishes.  '> 

The  1st  class,  the  Mammalia,  he  divides  into 
eight  orders,  of  which  he  calls  the  , 

1st.  Bimana,  or  the  two-handed,  which  com^ 
prehends  the  human  race  alone :  the  ■■ 

2d.  QuadruDiana,  or  die  four-handed,  wbidr 
comprises  monkeys  of  all  kinds.  j 

SOFUIA.  ^ 

I  am  very  glad  that  man  lias  a  place  by  himself^ 
but  I  cannot  understand  why  any  animals  shouldi 
be  termed  four-handed.  Are  the  feet  of  monkr"^ 
to  be  regarded  as  additional  hands  ? 


1 
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'Ihey  are  endowed  willi  n  power  of  graspii 
with  die  feet,  as  well  as  with  the  hands,  by  whi 
means  they  possess  the  faculty  of  ascending  li'ees 
with  great  facility.  You  may  form  a  good  idea 
of  the  difference  between  the' shape  of  tlieir  feet, 
and  ours,  from  the  sketches  which  I  now  shew 
you;  in  which  the  first  indicates  the  human  leg 
and  foot ;  the  second  those  of  the  monkey,  with 
its  long  and  flexible  toes,  so  well  adapted  for 
doubling  upon,  and  grasping  the  boughs  of 
trees. 


OF    AKIMAUi. 
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TTie  Sd  order  is  ihe  Carnassier,  or  Flesli-eating. 
which  Cttvier  Oivitles  into, 

1.  The  Clteiroptera,  or  those  having  winged 
■  u'Js,  of  which  the  bat  is  an  example. 

2.  The  Inscciiwra,  or  those  which  live  u]Kin 
iccls,  as  the  hedgehog,  shrew-mouse,  and  moie- 

3.  Xhe  Carnivora,  or  Carnivorous,  which, 
zxxa,  he  divides  into  four  families ;  namely, 

!.  TTie  i*&7n/i^n(fc,  or  those  which  walk  on  the 
I  tu3  of  ihe  feet,  which,  from  being  large,  admit 
.,  iTTcat  iacllity  of  slan<ling  on  their  hinder  ex- 
tremltiei'  The  bear,  racoon,  badger,  and  glutton 
bdong  to  this  family. 

2.  The  Digiii^ade,  or  such  as  walk  principallv 
nil  iheir  toes,  which  include  weasels,  and  animals 
•  the  dog  and  cat  kind;  as  the  dog,  wolf,  and 
inx.;  and  the  cat,  lion,  tiger,  and  leopard. 

S-  Some  of  the  Amphibious  animals,  as  seaU 
M)d  walruses ;  and. 
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4.  The  Marsupial,  or  Pouched  animals,  as  the 
kangaroos,  and  opossums,  wliich  ave  remarkable 
for  possessing  a  curious  pouch,  Into  which  their 
young  can  creep  for  protection. 

HARRIET. 

I  do  not  quite  understand  why  Cuvier  should 
adopt,  as  one  of  his  divisions,  the  canjassiers  or 
flesh-eating,  and  employ,  as  a  subdivision,  the 
carnivorous,  a  designation  which  seems  to  mean 
the  same  thing. 


In  using  the  general  term  camassier,  he  would 
imply  the  simple  fact  of  living  on  animal  food ; 
though  this  niLiy  consist  principally  of  insects; 
but  by  carnivorous,  he  wishes  to  denote,  not  only 
the  inclination  to  live  on  flesh,  but  the  disposition 
and  power  necessary  for  obtaining  such  kind  of 
food.  The  objection  which  you  mention  has  cer- 
tainly, however,  much  foice  in  it. 

Cuvier's  tth  order  is  the  Jiojigatrs,  /iodenfioy 
or  gnawers,  of  which  castors,  beavers,  rats,  mice, 
mples.    Th^J 


hares,  rabbits,  and  : 


iirrels,  are  e 


u'kable 


power*  ] 


are  so  called,  from  having 

in  their  front  teeth,  of  gnawing  wood. 

The  5th  order  is  the  Edentes,  Edentata,  t 
less,  from  the  animals  of  this  order  being  deflciei 
in  some  or  all  die  teeth.    Sloths,  armadillos,  par 
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-S  and  the  curious  and  anomalous  animal  from 
New  SoDth  Wales,_ called  the  ornichorlnchus,  be- 
long to  tbis  division. 

TTie  6th  oi"der  is  the  Pachydermes,  Pachydermala, 
tt  thick-sl-inned,  and  comprises  the  elephant,  hip- 
(Mipotainus,  hog,  rhinoceros,  horse,  and  ass. 

The  7lh  order  is  that  of  the  Euminant  Animals, 
<K  those  which  chew  the  cud ;  and  it  comprehends 
ihe  camel,  the  deer,  the  antelope,  the  goat,  the 
sheep,  the  cow,  and  the  butfalo. 

Tile  8th  and  last  order  of  the  Mammalia,  is  the 
Cttacta,  or  Whale  tribe,  and  comprehends  whales 
■id  dolphins. 

Havti^  thus,  therefore,  given  you  a  general 
leooaiit  of  Cuvier's  first  division  of  the  veitebrated 
atmals,  I  must  refer  you  to  the  table  which  I  have 
{mcnised  you  ",  for  any  further  paiticulars  as  to 
daaificatioii,  and  shall  now  direct  your  attention 
lo  a  coDsideratioD  of  the  varieties  of  the  human 
ace. 

These  Tarieties  are,  as  I  have  already  mentione<l 
»  you,  five  in  number, 

TTie  first  is  the  European,  or  rather  the  Cau- 
usiAti  variety;  for  Bhimenbach,  a  very  distin- 
^oidied  philosopher  of  Gotdngen,  who  adopts  the 
i'visiua  mentioned  by  me,  employs  the  Caucasian 
-    the   general    designation ;   first,    because  the 

•  S«  Table  nt  the  end  of  ihe  Second  Volume. 
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tiiiest  specimens  of  mankind  are  found  among  t 
Georgians  and  Circassians,  who  Hve  near  Mod 
Caucasus;   and,  second,   because  this 
from  the  region  where  the  earth  first  began  | 
( copied. 

Tlie  Caucasian  variety  is  distinguished  bd 
the  shades  which  characterise  the  white ;  aidl 
copious  hair,  sometimes  black,  and  freqtientl] 
various  liglit  colours.  The  head  is  large ;  t 
upper  and  fore  pari  of  it  particularly  develop* 
and  the  forehead  expanded.  The  face  is  oval  a: 
straight,  the  features  distinct,  and  falling  perpen< 
cuiarly  below  the  forehead.  These  are  the  gene 
characters  which  attach  to  all  the  Europeu 
except  the  Laplanders ;  to  the  inhabitanM 
Western  Asia,  us  far  as  the  river  Oh,  the  Caa^ 
Sea,  and  the  Ganges,  and  including  therefore  ( 
Turks,  the  Georgians,  Circassians,  Arabs,  Pi 
sians,  and  Hindoos  of  liigh  cost ;  to  the  Northe 
Africans,  and  some  Southern  tribes; 
Egyptians,  and  Abyssintans ;  and  to  die  Guam 
or  the  inhabitants  of  the  Canary  Islands. 

The  sketch  which  I  now  show  jou,  ie 
a  Georgian's   head,  from  Bluinenbach's  vol 
work  on  the  varieties  of  the  human  race. 


CHARLES. 

Hlb  divisioQ  tben,  seems  to  comprehend  every 
oadon  which  has  been  in  any  way  distinguished 
far  dvilisstioii,  in  either  ancient  or  modern  times. 


Il  does  so ;  and  we  may  odd  to  them,  the  various 
nmifications  into  which  the  enterprise  of  Euro- 
peao  colonisation  h.15  carried  iheir  respective  race^, 
in  North  and  South  America,  in  tlie  West  Indies, 
n  SoDtlicm  Africa,  and  in  various  parts  of  the 
astern  world. 

CHAKLES. 

Bat  in  the  various  nations  which  you  have  named 
nbdoDglng  to  the  Caucasian  division,  there  must 
be  many  varieties  in  the  respective  characters  of 
face. 


Ceftatnly;    but   s^U  they  are  referable, 
FOL.  t.  D 
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gietiter  or  less  degree,  to  the  general  description 
which  I  have  given.  The  high  cheek-bones  of 
some  nations,  the  aquiline  noses  of  otliers, 
all  the  minuter  circumstances  of  colour  of  skin 
eyes,  are  merely  varieties  of  the  some  general 
racter. 

The  second  division  ia  the  Mongolian, 
yellow,  which  has  a  middle  tint  between  that 
ripe  wheat,  and  boiled  quince,  or  dried  temon- 
This  variety  is  characterised  by  black  eyes,  bl 
straight,  strong,  and  tlun  hair;  little  beard;  hi 
of  a  square  form,  with  small  and  low  forehead 
broad  and  flattened  lace,  with  the  features  runnic 
together;  nose  small  and  flat ;  rounded  and  projec 
ing  cheeks ;  eyes  placed  obliquely ;  narrow  an 
linear  aperture  of  the  eyelids  ;  slight  projection  i 
the  chin;  large  ears;  thick  lips. 

SOPHIA. 

What  a  frightful  assemblage  of  features  I     Bi 
why  is  this  variety  called  Mongolian? 
DH.  A. 

Because  it  is  a  distinction  of  the  Mongols,  Moi 
guls,  or  Moguls,  who  are  a  vei^  numerous  tril 
inhabiting  Central  and  Nonhern  Asia.  The  natioi 
eomprehended  under  this  variety  are  very  extei 
lively  difluaed:  they  comprise,  among  many  otht 
smaller  divisions,  the  Calniucks ;  the  Chinese,  an 
Japanese;  the  inhabitants  of  Thibet,  Cochin  Chini 
Ava,  and  Siam ;  the  Laplanders,  and  the  Esqui 
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It  seems  to  be  exceedingly  curious,  that  ihe 
Laplanders  should  form  au  exception  to  tlie  gene- 
ral character  of  the  Europeans;  luid  that  these,  and 
the  Esquimaux,  should  have  any  thing  in  common 
with  nations  so  lar  distant,  and  occupying  regions 
of  mch  very  different  temperature. 


This  b  a  very  remarkable  circumstance  in  the 
hiftory  of  mankind;  and  it  shews  how  pertina- 
ciously distinctions  are  kept  up,  when  nations  re- 
ntam  aumixed. 
Yon  will  observe  a  considerable  difference  be- 
"eoi  this  sketch  of  a  Calmiick's  head,  and  that  of 
'  1;  Georgian  which  I  have  just  shown  you. 


Tbt  next  division,  the  third,  is  the  Ethiopian 
variety.     In  this  the  skin  and  eyes  are  black ;  the 
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hair  black  aad  woolly ;  the  skult  compressed  h 
terally,  and  elongated  towards  the  front ;  the  fore 
head  low,  narrow,  and  slanting;  the  cheek-bones  pro 
mlnent;  thejau-s narrow nnd projecting;  theuppt 
front-teeth  oblique;  the  chin  receding;  the  eye 
prominent;  thenosebroad,  thick,  flat,  and  confuse 
with  the  extended  jaw ;  the  lips,  and  pnrticularl; 
the  upper  one,  thick-  The  projecting  jaw,  am 
retiring  forehead  of  tbe  Negro's  skull,  makes  l 
great  difference  between  this,  and  either  of  tlie  t\ 
former  sketches. 


All  the  inhabitants  of  Africa,  which  are  not  c 
preliended  in  the  Caucasian  variety,  are  comprise 
in  this. 

CHARLES. 

There  must  then,  I  suppose,  be  many  vorietii 
in  this  division. 
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A  great  number ;  and  even  some  of  them  have, 
■itb  die  exception  of  colour,  a  considerable  claim 
to  personal  beauty,  though  we  should  be  hardly 
\ikdf  to  expect  this  among  the  CafTres,  or  Negroes. 

Tl>c  fourth  division,  the  American  variety, 
it  characterbed  by  a  dark  skin,  of  a  more  or  less 
red  tint;  black,  straight,  and  long  hair;  small 
beard;  countenance  and  skull  very  similai'  to  that 
of  the  Mongolian  tribes ;  forehead  low ;  eyes  deep; 
&oe  broati,  particularly  across  the  cheeks,  which 
ire  prominent  and  rounded ;  mouth  large,  and  lipf 
ruber  thick.  All  the  native  tribes  of  America, 
except  the  Esquimaux,  are  comprehended  in  thb 
nriety;  but  the  skin  in  manyof  them,  particularly 
those  of  equinoctial  America,  and  even  of  the 
Nortbcni,  is  much  more  of  a  brown,  than  a  copper 
colour. 

Tbe  fidb  division  is  the  Malay  variety,  and  it 
tus  in  it,  less  of  a  peculiar  character  than  any  of 
die  other  divisions.  The  colour  is  brown,  from  a 
Sgbt  tawny,  to  nearly  a  black.  The  hair  is  black, 
■buDdsot,  and  more  or  less  curled  ;  the  head  rather 
osrrow  ;  bones  of  the  face  large  and  prominent ; 
nose  fall  and  broad  towards  the  apex ;  the  mouth 
Urge. 

The  inhabitanu  of  Malacca,  Sumatra,  Java,  and 

Est  of  the  adjacent  Asiatic  islands;  of  the  Mo- 
Philippine,  and  neighbouring  groupes ;  of 
D  3 
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New  Holland,  New  Guinea,  New  Zealaiiti,  and  thi 
numberless  South  Sea  blan(ls,are  all  urthis  variety 
and  it  may  be  remai'ked,  that  among  the  East  Ini 
islands,  there  is  a  division  resembling  the  Ne{ 
in  the  character  of  the  hair,  in  colour,  and  in  t 
general  form  of  the  skull  and  teatures.     Perse 
belonging  to  this  division  aie  called  Negroes, 
Moors,  and  are  regarded  as  the  aboriginals,  wh< 
ancestors  were  driven  up  to  the  mountainous 
tricts,  by  the  encroachments  of  new  setders. 

CHARLES. 

It  can  hai-dly  be  imagined,  that  the  varieties 
mankind  which  you  have  mentioned,  should  n 
bave  been  very  much  blended  together,  in  moDj 
places,  by  mixture  of  races.  * 


This  has  certainly  been  the  case  to  a  consli 
able  extent;  but  the  Caucasinu  has  been  less 
fected  in  this  way,  on  account,  perhaps,  in  soi 
degree,   of  the  higher  estimate  in  which  the 
sons  belonging  to  this  class  hold  themselves, 
the  smaller  number  of  the  other  divisions 
settle  among  them.     We  find,  however,  that  w] 
colonisation  has  taken  place,  which  it  has  done  toi 
great  extent  from  all  the  nations  of  Europe,  t 
various  parts  of  the  world,  and  particularly  t 
America,  the  blending  of  races  has  produced  man] 
changes  of  appearance. 
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CHARLES. 

Thi?!  must  more  rem&rkabiy  he  the  case  when 
iliKfent  varieties  live  in  coDtiguoii.s  districts,  as  in 
A&ics;  am]  1  recollect  that  Muiigo  Park  describes 
die  Foulahs  as  being  a  link  between  the  Moors 
and  Negroes,  as  being  of  a  less  glossy  black,  hav- 
ing  soft  anti  silky  hair,  and  as  not  havuig  the  flat 
noses  and  thick  lips  which  characterise  the  Negro. 


The  Arabian  and  Saracen  conquerors;  the  Phos- 
Didan,  Greek,  Roman,  and  Turkish  colonists  in 
the  North  of  Africa ;  the  Abyssinlans  on  the  East, 
■nd  the  Portuguese  on  the  Western  coast,  would 
(11  likewise  tend  to  produce  diSerences,  of  a  con- 
uderable  extent,  in  the  people  among  whom  they 
Wttled. 

SOPHIA. 

And  yet  it  is  estraordinary  how  much  the  cha- 
racters of  invaders  have  been  lost  by  residence 
b  a  conquered  country.  It  appears  as  if  a  com- 
plete assimilation,  in  time,  took  place  between 
tbem  oruT  tJie  vanquisbcd. 

DR.  A. 

This  will,  of  course,  happen  when  the  number 
itmail;  but  in  colonisalion  the  case  is  diHerent: 
ihe  new  comers  keep  n  good  deal  to  themselves, 
udeuloi^ their  circlcsas  their  numbers  uicrease; 
hcnoe  they  often  introduce  a  new  language,  and  a 
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new  race.  Whereas  if  lliey  went  into  the  middle  of 
a  peopled  country,  as  conquerors  do,  all  traces  of 
them  would  soon  be  lost.  Blunienbach,  who 
adopts,  as  I  have  already  mentioned,  the  division 
of  mankind  into  five  varieties,  considers  the  Mon- 
golian and  the  Ethiopian  as  differing  most  from  the 
Caucasian,  and  the  American  as  coming  in  betwem 
the  Caucasian  and  the  Mongohan;  while  the 
Malay  comes  in  between  the  Caucasian  and  the 
Ethiopian. 

HAHRIET. 

I  have  heard  of  some  pliilosopher  who  attempted 
Jo  measure  the  comparative  faculties  of  man  aod 
animals  by  a  facial  line  and  angle  :  what  is  meant 
by  these  ? 


It  was  Camper;  and  his  facial  line  is  one 
drawn  from  the  most  projecting  part  of  the  fore- 
head, to  the  most  projecting  part  of  the  upper  jmv. 
Now  if  you  suppose  a  horizontal  line  to  be  carried 
backwards,  from  the  base  of  the  nose,  to  the  open- 
ing of  the  ear,  it  is  clear  that  the  two  lines,  at  their 
junction,  will  form  an  angle,  which  will  be  greater, 
according  as  the  projection  of  the  forehead,  and 
the  retirement  of  the  upper  jaw,  allow  the  facial, 
to  approach  to  a  perpendicular  line  or  not.  You 
will  easily  understand  tliis  by  a  little  sketch  of  a 
tace  in  profile,  in  which  I  shall  make  as  the  faci&l 
line,  Bc  the  horizontal  line,  and  asc  the  angle 


VARIETIES   or    MANKIND. 


Sarmed  by  their  intersection,  or  the  facial  angle. 
In  Uiis  case,  the  perpendicular  being  he,  and  the 
angle  dec  being  therefore  a  right  angle,  or  angle 
of 90°,  it  is  clear  that  the  angle  ABcisa  little  less; 


t  may  observe  of  Camper,  however,  that  his  object 
w«s  rather  to  depict  chai-acters  of  countenance,  as 
lldonging  to  dilTercnt  nations  and  animals,  tlian 
to  connect  these  characters  with  any  particular 
eooipftrativc  qualifications ;  though,  to  a  certain 
degree,  this  may  be  the  effect  of  his  system.  For 
ezM&ple,  if  he  altered  a  sketch  so  as  to  make  the 
licul  line  more  perpendicular,  and  therefore  to 
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increase  the  facial  angle,  he  made  it  approadi  to 
the  character  of  an  antique ;  if  he  made  the  facial 
line  more  oblique,  and  therefore  diminished  the 
&cial  angle,  he  produced  the  countenance  of  a 
Negro.  If  lie  inclined  the  facial  line  still  further 
back,  he  obtained  the  lines  which  mark  an  ape, 
a  dog,  or  a  bird.  I  will  show  you  one  of  his 
sketches  in  which  the  facial  line  b  made  to  incline 
fonrards,  so  as  to  produce  a  facial  angle  of  100^. 


This  is  the  largest  size  which  ihe  artists  of  an- 
cient Greece  gave  to  the  facial  angle;  and  if  it 
were  still  further  increased,  the  head  would  appear 
mis-shapen,  and  unnatural.  Another  sketch  of  Cam- 
per's will  show  you  the  gi'eat  contrast  which  the 
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Negro's  face  exhibits,  in  the  retirement  of  the 
facial  line,  and  tlie  dimiiiulion  of  the  facial  angle, 
whkh  is  here  only  70°. 


HARRIET. 

L  ft  very  extraordinary  difference  exists  be- 
"■■en  those  two  characters  of  countenance.  The 
rojectiug  forehead  ofthe  one,  affords  a  roost  strik- 
ing cotttrast  with  the  projecting  jaws  of  the  other: 
md  it  seems,  indeed,  ns  if  ihe  proportions  of  the 
het  were  quite  reversed  in  them. 


^^^  B  tD  be  obBerved,  however,  that  the  ancients 

^H*  not  always  strictly  adhere  to  nature,  in  their 

delineations  of  the  human  countenance.     In  giving 
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a  facial  angle  of  100"  to  their  statues,  they  adopted 
an  ideal  standani  of  perfection,  partly  from  a  wish  to  ■ 
remove,  as  much  as  possible,  from  the  semblanoc 
of  their  great  personages ;  the  characters  of  t 
lower  orders  of  the  creation,  and  partly  in  ordca 
to  transfuse  into  them,  in  an  increased  proportioD».fl 
whatever  might  express  intelligence  or  sublimi^J 
in  the  human  species ;   which  elevation  and  pro 
jection  of  forehead  has  always  been  supposed  I 
do,  from  being  regarded  as  indicating  a  greate 
than  ordinary  fulness  of  brain  in  that  part 

CHARLES. 

Are  there  any  other  peculiarities  attaching  to' 
the  antique  head,  than  the  elevation  and  projection 
of  forehead,  and  the  consequent  large  size  of  the 
facial  angle  ? 

DR.  A. 

There  is  a  greater  breadth  than  natural  in  the 
forehead  of  the  antique ;  the  orbits  are  large ;  and 
there  is  an  oval  form  of  face,  with  which  the  cheek- 
bones of  an  ordinary  head  would  remarkably  in- 
terfere. 

CHARLES. 

Much  of  the  character  of  the  Negro's  counte- 
nance seems  to  be  derived  from  the  projection  of 
the  jaw,  independently  of  the  foreheatl ;  and  If  we 
could  suppose  thb  feature  to  be  altered,  the  fiice 
would  not  be  very  dissimilar  to  that  of  many 
Europeans. 
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Camper  gives  a  plate  in  illustration  of  the  very 
poiat  wliich  you  mention,  in  order  to  sliow  that 
tbe  &ce  of  a  European  may  be  made  n  Negro's* 
«  (bat  of  a  Negro,  a  European's,  by  merely  con- 
tracting or  elongating  the  jaws  and  lips ;  and  that 
dius  the  fecial  angle  may  be  increased  from  70"  to 
itr  or  SS",  while  die  forehead  remained  the  same. 
Tou  will  be  interested  in  my  likewise  showing  you 
a  sketch  of  the  head  of  an  ourang-outang,  trom 
Camper,  in  which  the  facial  angle  is  58°,  owing,  as 
jou  may  observe,  to  the  great  projection  of  the 
j«ws;  for  tbe  forehead  would  not  discredit  a  phi- 
losopber. 


nowledge  of  the  facial  angle  seems  to  be 
Tcry  vrell  adapted  to  designating  a  certain  shape 
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of  fecej  and  in  man,  lo showing  tiifiereuces  in 
fulness  of  the  forehead ;  but  I  taniiot  conceive  w 
b  to  be  gained  by  comparing  this  angle,  in  anii 
of  different  kinds ;  as  if  the  ope,  dog,  and  sni] 
had   different  degrees  of  inteUigence,  depeodii 
on  the  different   magnitude  of  the  facial  an^ 
and  that  on  the  mere  projection  of  the  jaws, 
seems  to  me,  that  the  attributes  of   animals  i 
different  descriptions,  and  totally  distinct  babi 
and   modes  of  life,  hardly  admit  of  compari 
with  each  other;  and  tliat  quadrupeds,  birds,  a 
reptiles,  may  have  al!  the  endowments  which  fi 
them,  in  the  highest  degree,  for  tlie  purposes  c 
their  creation,  without  any  reference  to  the  con 
parative  state  of  their  facial  angles.     But  I  wouli 
beg  to  ask,  whether,  in  children,  the  facial  angle 
is  not  greater  than  in  grown  people  ? 


Considerably ;  and  tliis  is  to  be  attributed 
deal,  to  the  difference  which  exists  in  the  shape  oft 
skull  and  bones  of  the  fiice,  at  different  periods 
life.     The  prominence  of  forehead,  and  roundnc 
and  plumpness  of  face  which  distinguish  infant^ 
arise  from  the  scantiness  of  the  Jaw,  and  tlie  want 
of  teeth ;  and  gradually  give  way   to  a  certain 
squareness  of  countenance,  as  soon  as  the  jaws 
elongate,  become  larger,  and  obtain  teeth.     The 
cheek-bones  then  increase  in  magnitude ;  the  eye> 
brows  become  projecting ;  and  as  the  mass  of  fore- 
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Iieail  remains  the  same,  the  jaws  are  projected  fot- 
raidf  ood  therefore  alter  the  facial  angle. 

CHARLES. 

Is  the  difierence  which  occurs  in  the  shape  of 
die  beads  of  inhabitants  of  different  countries,  na- 
Unal,  or  does  it  depend  on  various  habits  of  dress 
« laanagement,  whicli  give  a  direction  to  growth, 
during  tlie  period  at  wi)ich  the  head  may  be  sus- 
ceptible of  some  change  of  form  ? 

DR.  A. 

There  seems  to  be  a  good  deal  of  this  the  result 
of  original  natural  conformation ;  but  Home  nations, 
who  admire  flatness  and  lowness,  instead  of  eleva- 
tion of  Ibrehead,  make  on  artificial  pressure  on  the 
beads  of  ibeir  infantS]  by  means  of  which  the  heiid 
is  made  broader,  by  the  contents  of  it  being  thus 
directed  laterally.  This  is  the  case  with  the  Caribs, 
who  were  the  original  inhabitants  of  the  West 
India  islands,  at  the  time  of  iheir  discovery  by 
Columbus ;  and  who  resemble,  a  good  deal,  some 
tr&es  who  occupy  the  m^ighbouring  continent, 
north-east  of  the  sources  of  the  Orinoko.  This 
pracdce,  however,  does  not  appear  to  have  been 
confined  to  them,  but  to  have  been  employed  in 
Peru,  Brazil,  and  Lima;  tbr  more  than  two  hun- 
dred years  ago,  it  was  prohibited  by  an  edict  of 
die  synod  of  Lima ;  which  shows  that  this  custom 
W3B  in  use  from  the  earliest  periods  of  the  history 
of  these  regions.     Even  in  modem  times,  the  prac- 
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tice  is  not  extinct ;  for  Messrs.  Lewis  and  Clarke, 
ID  tbeir  Travels  to  tlie  Source  of  the  Missouri, 
menlJon  that  it  is  in  general  use  among  the 
natives  west  of  the  Rocky  mountains,  who  are 
called  flat  heads  by  the  nations  east  of  them, 
among  whom  the  fashion  is  totally  unknown. 
These  gentlemen  have  also  observed  tlie  existence 
of  the  same  habit  among  some  other  tribes  of  the 
native  Indians ;  and  they  mention  a  female,  in 
whom  the  depression  oftbreheadwasso  great,  as  to 
form  a  straight  line  between  the  eyebrows,  and  the 
crown  of  the  head.  —  The  sketch  which  I  now 
show  you,  is  that  of  tlie  skull  of  a  Cartb  chief  of 
the  island  of  St.  Vincent,  from  Blumenbach,  which 
was  taken  up  many  years  since,  by  desire  of  Sir 
Joseph  Banks.  The  flattened  forehead  is  very 
well  designated  in  it.  ^ 
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It  appears,  likewise,  that  among  some  of  the 
Asiatic  nations,  ibc  practice  of  altering  the  shape 
!if  tie  skull  by  pressure,  in  different  ways,  at  one 
ume  existed. 

HARRIET. 

We  hear  occasionally  from  travellers,  of  persons 
'i  extraordinary  size.     Is  this  a  very  usual  cir- 

i  niDUtance  ?  The  freedom  which  there  is,  in  savage 
life,  from  all  sorts  of  restraint,  must,  I  suppose,  be 

I      ^TODimble  to  height  and  vigour. 

DR.  A. 

So  it  is  d^en  thought,  but  without  proper 
t'oandation.  Some  nations,  it  is  true,  are  remark- 
able for  stature,  as  well  as  strength  of  body,  as  the 
Paugtmians,  the  Caribbees,  and  the  Cherokees 
■Bong  ibe  Americans,  the  inhabitants  of  some  of 
(be  South  Sea  islands,  and  the  Calfres  in  South 
AMca  :  but  savage  tribes  are,  upon  the  whole, 
neither  particularly  distinguished  for  lieight,  nor 
ttrength.  Many,  as  tlie  Esquimaux,  are  remark- 
able for  diminutive  forms ;  so  are  the  Bosjesmans 
in  South  Africa;  and  the  Mongols,  Calmucks,  and 
o4her  tribes  of  Central  Asia,  are,  in  general,  shorter 
than  Europeans.  The  Virginian,  or  Kentuckian, 
is  generally  an  overmatch  for  a  native  Indian ; 
and  the  same  inferiority  of  physical  force  was  not 
only  observed  by  the  Spaniards,  among  the  na- 
^Kves  on  the  discovery  of  America,  but  has  been 
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remarked  by  various  travellers  in  the  Nurth 
Americou  continent.  M.  Peiou  endeavoured  tu 
form  an  estimate  of  the  comparative  strength  of 
the  arms  of  12  natives  of  Van  Dlemen's  X,and,  of 
1 7  of  New  Holland,  of  56  of  the  island  of  Timor, 
of  1 7  Frenchmen  belonging  to  the  expedition,  and 
of  14  Englishmen  in  the  colony  of  New  South 
Wales.  He  employed  an  instrument  which  he 
called  a  Dynamometic,  or  a  measurer  yf  power ; 
which  was  so  constructed  oa  to  indicate,  on  a 
dial-plate,  the  relative  force  of  the  individuals 
submitted  to  experiment. 

The  relative  forces  of  Uie  Frenchmen  and  the 
English,  exhibited  powers  as  69  and  71 ;  while  the 
natives  of  Van  Diemen's  Land,  New  Holland,  and 
Timor,  were  as  low  as  50,  tlie  two  first,  and  58 
thelasL 

CHARLES. 

Tlie  precarious  subsbtence  of  many  savage 
tribes,  must  be  very  nnfevonrable,  I  should  thinb, 
to  vigour ;  and  it  is  qnite  miserable  to  read  of  the 
difficulties  which  the  Bosjesmans,  and  the  natives 
of  Van  Diemen's  Land  and  Terra  del  Fuego, 
have,  in  procuring  a  bare  and  scanty  subsistence. 

DR.  A. 

Something  is  unquestionably  to  be  atti'ibuted 
to  this  cause;  but  much  likewise  to  difference  of 
race.  We  must,  however,  defer  the  prosecuticoj 
of  the  subject  till  our  next  meeting. 


CONVERSATION  III. 

VABJETIES    OF    AtANKTND    CONTINUED, 


CHARLES. 

At  llie  conclusion  of  our  last  con  vers  alien,  you 
spoke  of  different  races  of  men;  but  surely  we  are 
O  regard  mankind  otherwise  than  as  descended 
ft  single  pair? 

DR.  A. 

inly  not;  but  then  we  have  many  varieties, 
e  already  mentioned,  differing  much  from 
h  other ;  but  still  not  more  than  we  continually 
^among  many  animals  which  were  originally  of 


CHARLES. 

are  often  thought  how  singular  it  is,  that  the 
1  nations  of  the  world,  differing  from  each 
3  much  in  external  appearance,  should  all 
.  have  originated  fi'om  two  Individuals.  I 
e  these  differences  are  producetl  by  the  dif- 
8  of  chmale  on  the  human  body. 

DR.  A. 

loch  has  been  the  opinion  of  many  philoso- 
I  of  great  eminence,   both   in   ancient  and 
)  times ;  but  yet  it  is  not  borne  out  by  an 
ire  examination  of  facts. 
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CHARLES. 

But  is  it  not  found  that  completions  darken  as 
you  spproacli  the  torrid  zone,  and  that  the  darkest 
colour  is  in  the  warmest  latitude?  Tiius  we  see, 
that  the  Norwegians  and  Danes  are  fairer  than 
the  English;  the  English  than  the  Frencli;  the 
French  than  the  Spaniards  and  Portuguese,  and 
these  than  the  Moors;  while  the  Negroes  in  the 
burning  regions  of  Africa  are  darkest  of  all  ?  We 
even  observe,  that  in  this  country,  exposure  to  the 
sun  darkens  the  complexion ;  and  a  European 
who  is  much  abroad,  acquires  an  approach  to  the 
colour  of  the  inhabitants  of  his  adopted  residence. 

DR.  A. 

You  have  put  the  case  strongly ;  and  we  must 
admit,  to  a  certain  degree,  the  correctness  of  your 
facts,  without  Iiowever  going  to  the  extent  of  your 
conclusions.  The  influence  of  the  sun  is  unques- 
tionable on  the  parts  which  are  exposed  to  it; 
but  only  on  those  parts.  Captains  Lewis  and 
Clarke  were  so  much  browned  during  their  ex- 
pedition to  the  Missouri,  as  to  be  often  taken,  by 
the  natives,  for  Indians  belonging  to  hostile  tribes ; 
and  it  was  only  on  showing  tlie  whiteness  of  their 
skin  in  such  parts  as  were  covered,  that  their  sus- 
picions were  removed.  In  Lord  Amherst's  ex- 
pedition to  China,  it  was  observed,  that  persons 
who  were  in  the  habit  of  working  in  the  heat  of 
the  sun,  with  their  bodies  uncovered  from  their 


s  of  the  skin  which  was  usually  covereclj^fl 
II  the  appearance,  at  a  dtstaibce,  of  wearing 
jured  pantaloons.  In  all  these  instances, 
i  rays  of  the  sun  heighten  the  usual  com- 
the  effect  goes  off,  and  in  time  the  usual 
i  resumed ;  while  tfiose  wlio  are  not  so 
as  women  and  children,  remain  of  the 
olour  of  the  race. 

SOPHIA. 

nay  not  the  long  continued  operation  of 
ause,  in  time  produce  on  their  successors 
bich  would  not  be  fully  produced  on  the 
bI  ?  I  think  I  have  read  of  a  colony  of 
ese  who  setUetl  on  the  coast  of  Africa 
jodred  years  ago,  and  whose  successors 
v  the  complexion  and  features  of  Negroes? 

DR.  A. 

ire  quite  right  in  your  recollection  of  this 
It ;  but  then,  unfortunately  for  the  reason- 
:  change  was  produced  in  consequence 
luallv  marrying  with  tlie  natives ;  and  it 
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SOPHIA. 

But  is  it  the  fact,  then,  that  when  persons  R 
transplanted  into  a  very  ilifTerent  region,  whe4 
from  a  colder  to  a  warmer,  or  (Vom  a  warmer  t 
colder  latitude,  tlieir  successors  will  remain  of 
same  colour  as  their  original  parents? 
DB.  «. 

This  seems,  from  a  very  extensive  deduction  of 
facts,  to  be  the  case.  I  have  afready  noticed  the 
small  stature,  and  oHve,  or  swarthy  complexions  of 
the  Laplanders  and  Esquimaux,  which  evince 
their  Mongolian  descent,  though  the  Norwe^ans 
or  Americans  are  their  immediate  neighbours, 
who  live  in  a  latitude  not  materially  different  from 
them.  Europe  itself,  in  its  subdivisions  of  inha- 
bitants, affords  a  striking  example  of  the  continu- 
ance of  the  different  character  of  its  inhabits 
from  the  earliest  periods.  The  Celtic,  the  f 
man,  and  the  Sclavonic  races,  have  all  of  tb( 
preserved  the  great  distinctions  of  physical  c 
racter,  which  they  are  described  to  have  had  at  ^ 
time  of  Cssar  and  Tacitus. 

HARRIET. 

But  are  we  enabled  to  recognise,  at  the  preso 
day,  any  of  the  descendants  of  those  ancie 
people? 

DR.  A. 

The  Celtic  race  occupied  the  Western  parts ' 
Europe,  and  its  decendants,  with  the  characterist) 
of  black  hair,  and  rather  brown  skin,  sttll  occaf 
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r  riace,  Spain,  Portugal,  and  Italy.  Tlie  Ancient 
BritoQii,  tbe  Gaels,  the  Irish,  the  Scotch,  utid  the 
Maox,  were  &  part  of  the  same  peojile ;  and  it  is 
«id  iJiat  vestiges  of  the  same  character  are  to  be 
stiU  fouotl  among  them. 

CHARLES. 

Perhaps  the  designation  of  Dhu,  or  black,  may 
btgifefi  to  those  tribes  of  Highlanders  who  pos- 
MK  lUs  diaracter  in  the  most  marked  way. 
DH.  A. 

NdC  improbably.  The  German  race  have,  as 
their  desceudantSfthe  Swedes,  Norwegians,  Ice- 
nders,  Danes,  the  inhabitants  of  the  various  parts 
'  fGennany,  llie  Enf^Iish, and  the  Lowland  SL-otch  ; 

d  tbe  fair  complexion,  blue  eyes,  and  yellow, 
i  r  reddish  liair,  have  passed  on  from  ancient  to 
siodem  times. 

But  llie  eastern  parts  of  Europe  were  anciently, 
imi  still  continne  to  be,  occupied  by  people  of  a 
dariicr  complexion,  and  of  Sclavonic  origin,  ns  the 
PuJi^s,  Croats,  Bohemians,  and  Bulgarians;  which 
is  the  more  remarkabie,  because  these  nations  are 
close  ueighbours  to  the  Germans,  who  have  ever 
preserved  a  very  different  character.  This  is  like- 
wise the  case  with  the  Russians,  with  the  exception 
of  (be  peasantry  in  the  North,  who  have  frequently 
l^U  brown,  or  red  hair. 

The  gipsies  afford  a  remarkable  example  of  the 
ibrce  with  which  original  characteristics  adhere  to 
(be  buoan  body,  under  ever)'  change  of  climate. 
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Those  people  have  been,  for  centuries,  dispersed 
over  every  part  of  Europe,  distinguished  by  coloor, 
contour  of  features,  and  language,  IVom  the  nations 
with  whom  they  lived.  They  appeared  in  Europe 
about  the  beginning  of  tlie  fiHeenth  century,  and 
their  origin  was  long  unknown ;  but  at  length  it 
has  been  ascertained,  in  part  from  colour  and 
bodily  formation,  but  principally  from  the  affinity 
of  language,  that  they  sprang  fiom  sotiie  of  the 
castes  into  which  the  Bozeegun  Hindoos  are 
■  divided.  The  gipsies  are  called  the  Sisecli  Hindu, 
or  Black  Hindoos,  by  the  Persians ;  nnd  though 
there  is  some  alteration  of  character,  of  counte- 
nance, and  complexion,  among  the  gipsies  of  the 
present  (fay,  owing  in  part,  perhaps,  to  intermix- 
ture with  foreign  blood,  yet  they  are  occasionally 
seen  with  very  dark  complexions,  and  with  every 
appearance  of  Oriental  origin. 

SOPHIA. 

Do  we  find  in  countries  where  the  inhabitants 
are  usually  dark  colouretf,  that  the  light  com- 
plexion is  preserved  for  long  periods  of  time? 

DR.  4. 

In  the  island  of  Sumatra,  children  bom  of 
Europeans,  are  as  fair  as  those  bom  in  the  country 
of  their  parents ;  and  so  their  successors  have  con- 
tinued to  be.  On  the  other  hand,  the  children  of 
Negroes  rcmiun  as  black  as  ever.  Tiie  ssme 
hi^pens  in  the  West  Indies ;  and  to  show  that 


VARIETIES    OF   MANKIND.  "3 

dieeflect  is  not  lost,  there  are  some  famiiies  in 
Juioifa,  whose  predecessors  left  England  al  the 
tine  or  the  grand  rebellion,  and  yet  they  continae 
to  be  as  white  as  Eurojicans.  A  similar  circtim- 
Stnce  has  been  mentioned  of  the  descendants  of 
Stwxiianls  in  South  America.  The  Anglo-Ame- 
ricans have  likewise  made  no  approach  to  the 
edaai  of  ibe  American  Indians,  however  long  may 
ha,\e  been  the  period  since  they  have  quitted 
Europe. 

CHARI.ES. 

Bat  do  not  the  Jews,  who  are  diffused  over  every 
port  of  the  world,  and  whose  religion  prevents 
xhem  from  intermarrying  with  any  but  their  own 
race,  acquire  the  colour  of  the  inhabitants  where 
tlH^  dwell? 

CR.  A. 

TTiis  is  a  mistake ;  they  become  brown,  by  ex- 
posare,  as  Europeans  do ;  but  their  children  are 
bom  fair,  and  the  black  colour  of  the  hair,  and  the 
pecalisrily  of  countenance,  are  preserved,  in  all 
parts  of  the  world,  in  remarkable  purity.  Tliere 
:-  nvery  curious  example  of  the  steady  adhesion  of 
udi  characteristics,  mentioned  by  the  well-known 
travirflcr  ID  India,  the  Rev.  Dr.  Claudius  Bu- 
diAnui.  Me  states  that  at  Cochin,  on  the  Malabar 
flout,  there  is  a  settlement  of  Jews,  who,  it  ajipears 
by  tbeir  records,  migrated  to  India  soon  after  the 
dotniciion  of  tlie  temple  by  Titus  Vespasian,  and 

VOL.  I.  E 


who  resemble  llie  European  Jews  in  camplexkm 
and  features.  Tliey  have  kept  their  race  dlstiai 
and  are  called  white,  or  Jerusnlem  Jews.  The 
18,  however,  at  the  sanie  place,  a  tribe  of  Jev 
whose  ancestors  intermarried  with  the  nnltves,  ai 
who  have,  in  consequence,  acquired  the  Him 
complexion  and  features.  They  are  called  blai 
Jews,  and  are  regarded  as  an  inferior  cast. 

CHARLES. 

When  iiitermarriajre  takes  place  between  whil 
and  people  of  colour,  and  this  goes  on  in  eitlii 
direction,  the  offspruig  will,  I  suppose,  in  a  ve 
few  generations,  acquire  the  full  white,  or  bla 
colour,  as  the  case  may  be. 

Dn.  A. 
The  period  at  which  the  complete  change  v 
\k  eflfected,  is   pretty  well  known    iu   tlie  Wa 
Indies  and  Spanish  America;  and  there  are  pat 
cular  terms,  by  which  all  the  intermediate  s 
of  colour  between  black  and  white,  are  designate 
For  instance,  a  child  born  of  a  Negro  and  Eun 
pean  Is   callud  a  Mulatto,  and  has  equal  parts  I 
white  anil  black  blood.     A  child  born  of  a  Eua 
pean  and  Mulatto  is  a  Terceron,  and  has  tbrei 
fourths  white,  and  one-fourth   black  blood, 
child  born  of  a  European  and  Terceron  is  a  Qui 
teron,  having  seven-eighths  white,  and  one-eight 
black  blood.     And  one  born  of  a  European  a 
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Qmrtemi)  b  a  Quinteron,  having  tifteen-sixteentlis 
■iiil^  and  one-sixteenth  only  bijck  blood,  and  is 
considered  as  white  by  law,  and  free. 

On  die  other  hand,  if  a  Mulatto  intermarry 
widi  a  Negro,  the  offspring  darkens  tn  the  same 
pnponion  as  it  becomes  fairer  if  the  marriage 
ras  with  8  European ;  but  tlie  first  step  only  lias 
toame,  the  Griffo  or  Zanibo,  which  has  three- 
ibunhs  black,  and  one-fourth  white  blood.  Hum- 
boldt states,  that  in  Spanish  America,  the  greater 
or  Jess  d^ree  of  whiteness  of  skin  decides  the 
nnk  of  an  individual  in  society.  A  white  who 
rides  barefoot  on  horseback,  thinks  he  belongs  to 
ibe  nobility  of  the  country,  and  will  oHen  snv  to  a 
jieat  man,  if  he  have  a  dispute  with  him,  Do  you 
tlunk  me  not  so  white  as  yourself?  It  becomes 
dxrefbre  an  interesting  object,  to  estimate  accu- 
rately, the  fractions  of  European  blood  which  belong 
to  the  different  casts;  and  in  Spanish  America, 
tfcey  have  numerous  denominations  for  the  off- 
^irii^  of  Indians,  as  well  as  Negroes,  with  Euro- 
pesos;  and  every  person  is  sojealous  of  the  honour 
of  bis  tribe  or  cast,  that  if,  through  inadvertence, 
you  call  him  a  degree  lower  than  he  actually 
if,  he  is  highly  offended.  It  sometimes  hap- 
pens, that  families  suspected  of  being  of  mixed 
Uood,  demand  from  the  high  court  of  justice,  to 
Ware  it  declared  that  they  belong  to  the  whites, 
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which,  when  they  are  ralher  swarthy,  is  termi 
"  getting  themselves  whitened."  When  the  colo 
of  the  skin  is  rather  too  repuj^nant  to  the  jud| 
ment  demanded,  then  tlte  petitioner  is  satisfic 
with  an  adjudication,  "  that  he  may  consider 
self  as  a  white." 

SOPHIA. 

You  have,  I  think,  very  clearly  shown,  that 
inSuence  of  climate  does  not  produce  any  vi 
essential  diHerences  among  mankind,  and  can 
therefore  give  rise  to  the  varieties  which  we  obse 
among  them ;  but  I  am  exceedingly  anxious 
know  on  what  those  differences  depend. 


This  is  a  very  curious  and  interesting  probh 
and  one  which  caimot,  in  every  respect,  be 
factorily  answered.     There  are,  however,  seven 
important  particulars  known  relative  to  this  su 
ject. 

We  have  seen  that  the  differences  which  climi 
produces  in  the  colour  of  the  body,  wear  ofFi 
tenniaate  with  the  individual :  they  are  not  capsl 
of  being  transmitted  to  the  offspring.  What 
effects  art  or  accident  may  produce  on  the  ini 
vidual,  are  personal,  and  go  no  l\irtlier ;  for  othi 
wise  we  should  see,  tliat  all  those  changes  s 
mutilations,  which  the  perversities  of  fashion  pi 
duce,  both  on  man  and  other  animals,  in  all 
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rf  llie  world,  would  form  permanent  varieties 
wong  them.  Thus  the  HatLeniug  uf  the  heads 
tmoag  the  Caribs,  the  contraction  ut'  the  Teet 
uwng  the  Chinese,  the  elongation  of  the  ears 
tmong  some,  the  perforation  of  the  nose  and  lips 
tmoDg  others,  require  all  of  them  to  be  repeated 
oa  every  individual,  when  such  fashions  are  to 
be  kept  np.  In  the  same  way  among  animals, 
docking  and  cropping  make  no  alterations  In  the 
tailtood  ears  of  the  breed;  and  it  is  fortunate  that 
it  is^;  for  otherwise  we  should  have  the  beauty 
of  natural  shape,  permanently  superseded  by  the 
vililest  aberrations  of  vitiated  taste.  When,  on 
die  other  hand«  there  is  any  pecidiarity  of  form 
boro  witli  the  individual,  such  peculiarity  ia  capable 
of  Ijemg  transmitted  to  the  offspring;  and  though 
■e  CBODot  trace  all  the  steps  by  which  changes  are 
carried  on,  until  they  arrive  at  the  production  of 
pennwient  varieties,  yet  we  can  in  many  in- 
Muces-  Natitrulists  suppose  that  our  sheep,  our 
dogs,  and  our  horses,  were  severally  derived  from 
cQc  original  stock;  and  yet  what  great  varii^ty 
iWe  is  in  the  respective  breeds,  and  bow  separate 
(hey  continue,  provided  they  are  kept  distinct 
We  can  even  contrive  to  have  the  advantages  of 
partkalur  breeds  blended  for  particular  purposes, 
if  we  so  wish  it;  and  hence  the  jx^rmaneiit  ini- 
{innr«ni«nt  which  has  been  made  among  many 
£  3 
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breeds   of  Biiimals, 
years,  by  agriculturi 


ind  especially  sheep,  of  lal 
ts  in  this  country. 


\ 


CHARLES. 

I  can  easily  conceive  that  a  mixture  of  breeds 
which  already  exist,  may,  in  time,  produce  an 
union  of  the  excellencies  of  particular  ones;  but 
are  instances  known  of  entirely  new  varieties  being 
formed  ?  for  we  must  look,  I  presume,  to  such 
occurrences,  to  throw  light  on  original  differences 
in  the  same  breed. 


We  have  a  very  curious  and  well  authentjcated 
instance  of  a  new  breed  of  sheep  occurring  in 
America,  from  an  accidental  variety  which  ap- 
peared in  n  dock  in  New  England.  The  charac- 
teristic of  this  variety  was  very  short  legs,  par- 
ticularly the  fore  legs,  and  a  bend  In  tlie  middle  of 
them,  somewhat  like  an  elbow.  Now,  as  the 
fences  in  New  England  were  low,  and  were  of 
wood  or  stone,  it  was  thought  desirable  to  have 
sheep  which  could  not  readily  get  over  them. 
Breeding  from  this  animal  was  therefore  en- 
couraged, and  a  flock  of  this  breed,  called  ankon, 
ftxim  a  Greek  word  signifying  elbow,  was  in  a  few 
years  obtained.  —  The  Dorking  fowls  afford  an 
example  of  a  supernumerary  claw  being  peculiar  to 
one  particular  breed ;  and  there  are  various  other 
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Urikiog  peculiarities  in  different  breeds  of  die 
cammoii  fowl.  Some  ure  very  large,  others 
dwarfish,  as  the  Bantam ;  some  have  double  combs ; 
iofne  are  tufted ;  sonie  are  without  rumps ;  and 
tbere  is  a  very  curious  variety  in  Padua,  in  which 
a  sort  of  appendage  to,  or  dilatation  of  skull  exists, 
in  the  upper  part  of  the  head. 

CHARLES. 

I  nq^iose  Albinoes  are  perpetuated  in  a  similar 
war,  BiDong  such  animals  ns  exhibit  this  peculiar 


W. 


Exactly  so;  and  we  even  observe  in  mice,  the 
■nmediate  occurrence  which,  ns  in  the  ankon 
breed  of  sheep,  produces  so  remarkable  a  change 
to  the  character  of  the  animal ;  for  mice,  when  con- 
fined in  dark  places,  have  been  found  to  produce 
a  while  breed  with  retl  eyes :  and  this  character 
would  go  on,  until  interrupted  either  by  crossing, 
or  by  n  new  occurrence  in  some  of  the  future  pro- 
geny. The  Albino  variety  is  very  abundant  among 
•nimals,  and  the  white  rabbit  is  a  familiar  example 
in  this  country.  Almost  all  animals  exhibit  tjcca- 
lional  varieties  of  the  same  kind.  Thus  they  occur 
in  cats,  dogs,  oxen,  asses,  sheep,  and  hogs,  among 
the  domesticated  antmals:  among  monkeys,  squir- 
rels, rats,  hamsters,  moles,  opossums,  weasels,  mar- 
f,  and  polecats,  of  which  last  die  common  ferret  is 
_ 


supposed  to  be  ihe  white  variety.  They  are  lik&"| 
wise  occasionally  found  in  tlie  bu0alo,  roe,  camel,  I 
elephant,  rhinoceros,  stag,  and  jagen  of  Mexico; 
in  the  common  bear ;  and  in  ihe  badger  and  beaver. 
Albinoes  Iiave  been  found  also  among  various  spe-  . 
cies  of  birds ;  as  crows,  blackbirds,  Canary  bird%fl^ 
partridges,  common  fowlsj  and  peacocks,  haviiw-l 
their  feathers  of  a  pure  white  colour,  and  their  eyetiw 
red. 


Circumstances  of  deviation  from  usual  structuri 
must  doubtless  be  found  likewise  in  the  hui 
race? 


Many  peculiarities  have  been  observed  in  tb< 
as  well  as  in  the  brute  creation,  which  are  capable 
being  perpetuated.     Family  likenesses  i 
liar  example:  so  is  hereditary  stature,  whether  lar| 
or  small ;  and  it  is  curious  how  long  peculiartt 
of  features  may  continue  in  the  progeny.    The 
thick  lip,  introduced  into  the  house  of  Austria  by 
the    marriage   of  the   emperor    Maximilian   with 
Mary  of  Burgundy,  is  visible  in  their  descendants, 
even  after  a  lapse  of  three  centuries.     Many  ii>- 
stances  have  occurred,  both  in  anciecit  and  modern 
times,  of  peculiarities  of  structure  being  handed 
down  from  the  parent.     Thus  the  occurrence  of 
six  fingers,  or  six  toes,  is  not  uncommon.     Suct^^ 
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Hbrsons  were  called,  among  the  Romans,  sedigiti, 
or  sedigiMe,  six  fingered  men  or  women.  Sir  An- 
thony Carlisle  has  recorded  the  transmission  of 
sQch  a  variety  for  four  generations. 

I  met  myself^  some  time  since,  as  you  may  recol- 
lect my  menlioning  to  yon  at  the  time,  an  Irishman 
from  Killarney,  who  had  a  thumb,  and  only  two 
fin^fers,  the  third  and  little  finger,  on  each  hand ; 
and  only  the  large  and  small  toe  on  each  foot.  The 
two  6ngeTS  were  united  with  each  other ;  were  per- 
insnendy  bent  inwards ;  and  were  ancliylosed,  or 
stifTened,  at  the  second  joint,  so  as  to  have  no  mo- 
tion in  it  Tlje  metacarpal  and  metatarsal  bones 
(tfaofe  to  which  the  fingers  and  the  toes  are  united) 
were  covered  with  integuments,  which  had  not  the 
ffluUlest  nppearance  of  cicatrix  or  scar,  to  give  any 
ides  of  the  fingers  or  toes  having  ever  been  removed. 
TTiis  person's  grandfather  had  one  thumb  on  each 
luuid,  and  no  fingers;  his  father  was  like  liim- 
wl^both  as  to  toes  and  fingers.  He  had  many  bro- 
thers and  sisters,  none  of  whom  had  any  peculi- 
ari^ ;  and  of  his  own  children  (of  whom  there  had 
bben  Meen,  though  three  only  were  living)  the 
ddest  son  was  the  only  one  who  had  any  peculi- 
■rirr,  and  he  wanted  the  middle  toe  on  each  foot. 

The  tiansruission  of  a  peculiarity,  for  no  less 

Ulan  nine  generations,  is  mentioned  as  having  oc-, 

curred  at  Iver,  near  Uxbrldge,     The  mother  and 

several  children  had  only  the  thumbs  perfect;  and 

E   5 
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instead  of  fingers,  they  had  only  the  first  bone  of 
each  finger,  and  the  first  and  second  bones  of  the 
third  finger  of  the  left  hand.  The  fingers  had  do 
nails.  Such  was  reported  to  have  been  the  state 
of  the  family,  with  sliglit  v-ftrialions,  for  nine  nu- 
merous generations  of  their  immediate  ancestors; 
and  it  was  observed  by  the  mother,  that  the  females 
only  of  the  family,  transmitted  tliis  peculiarity. 
No  great  inconvenience  was  stated  by  her  to  be 
felt  from  the  want  of  so  many  joints,  as  the  advan- 
tage of  perfect  fingers  had  never  been  experi*J 
enced. 

HARRIET. 

Since  peculiarities  of  form  are  so  easily  produced 
and  transmitted,  the  same,  I  suppose,  may  happen 
with  diseases,  or  tendencies  to  disease  ? 

DH.  A. 

I  have  no  doubt  that  tendency  to  disease,  a 
pending  upon  a  certain  constitution  of  frame,  mt^ 
be  handed  down  from  parent  to  child  ;  and  som 
instances  have  been  stated  of  diseases  themselvc 
being  so  transmitted.  There  is  no  <|uestion,  fixMO  ■ 
what  I  have  mentioned  to  you,  that  various  mal- 
formations are  abo  capable  of  transmission ;  and  the 
same  has  likewise  occurred,  in  numerous  instances, 
of  defects  in  structure,  affecting  function,  and 
therefore  amounting,  to  a  certain  extent,  to  disease. 
•This  has  been  the  case  remarkably  with  cataract, 
and  some  other  defects  of  vision ;  and  fiom    the 
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circumstance  of  several  individuals  in  the  same 
family  being  frequently  deaf  and  dumb,  it  is  very 
likely  that  a  tendency  to  this  lamentable  depriva- 
tion of  sense,  may  be  found  to  exist  in  pai-ticular 
lilies. 

[  have  alrea<ly  mentioned  to  you  the  accidental 
urrence  of  Albinoes  in  the  human  race,  and 
r  readily  similar  varieties  are  produced  in  other 
Among  all  the  nations  of  the  world, 
s  peculiarity  is  found  to  take  place;  but  in  many 
re^ooi,  there  are  particular  tribes  of  Albinoes, 
which  preserve  their  characters  unimpaired,  while 
they  continue  to  intermarry  with  each  other ;  and 
they  are  most  frequent  in  those  countries  which  are 
inhabited  by  a  dark  coloured  race. 

An  Albino  race  has  been  long  known  among 
the  copper  coloured  Americans  of  the  Isthmus  of 
Darien.  Tlieir  bodies  have  been  described  as 
milk  white ;  tlieir  eyes  as  red  and  tender ;  and  ihey 
were  called  moon-eyed,  because  they  were  best 
able  to  see  in  moonlight,  during  which  they  were 
MUve  and  lively,  though  they  were  dull  and  slug- 
^sb  during  the  day.  They  amounted  to  about  a 
cogple  of  hundred,  when  the  account  was  first 
given  of  them,  more  than  a  hundred  years  since ; 
and  were  more  delicate  than  the  other  natives,  by 
wbom  tliey  were  not  much  esteemed,  being  con- 
■idered  as  something  monstrous. 
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Cnptain  Cook  saw  a  few  Albinoes  at  Otaheite^ 
and  in  Java,  Ceyiou,  and  tlie  neighbouring  islands^ 
as  well  as  the  continent,  they  are  well  knowi^ 
and  are  termed  Chakrela^  or  Cockroaches.  Th^ 
are  viewed  with  horror  by  the  Hindoos ;  and  a 
their  death  are  cast  on  a  dunghill,  or  are  left  to  be 
eaten  by  wild  beasts. 

In  Africa,  Albinoes  frequently  occur  among  that 
Negroes,  though  there  does  not  appear  to  be  ai^ 
particular  race  of  them ;  but  even  at  Darien,  not 
and  then  black  children  arise  from  Albino  parent* 
There  seems,  upon  die  whole,  to  be  rather  a  de^ 
feet  of  general  vigor  in  the  Albino,  connected,  in 
some  degree,  with  the  want  of  the  peculiar  seer 
tion  on  which  colour  depends.  White  hairs  a 
otlen  regarded  as  indicative  of  want  of  power; 
which  is  the  case  with  white  legs  in  horses. 

I  have  already  observed,  that  the  hairs  whidi 
are  supplied,  in  this  animal,  in  cases  of  injui^^ 
are  grey ;  and  that  animals  in  high  latitudes  bo> 
white  in  winter,  from  a  temporary  defect 
in  the  secretion  of  colouring  matter,  which  seem 
to  be  interrupted  by  cold ;  in  old  age  this  effect  i^ 
connected  with  diminution  of  general  vigour,  and 
is  permanent. 

HARItlET. 

Are  we  to  regard  the  early  occurrence  of  grej^l 
t,  as  a  proof  of  less  than  usual  geoeral 
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ngtL  ?  we  very  often  see  grey  hairs  among  very 
■,  and  very  strong  people, 

DR.  A. 

In  such  cases,  I  should  only  view  it  as  a  pecu- 
liarity oftlie  port  connected  with  the  production  of 
colour,  and  nothing  more. 

GOFIIIA. 

1  have  sometimes  seen  very  fair  young  people 
rilvery  locks,  but  nothing  peculiar  about  the 
ejes.     They  are,  I  suppose,  an  approach   to  the 
.ilbino? 


1^' 


Certainly ;  and  such  an  approach  is  very  fre- 
quent, both  among  men  and  animals,  and  is  con- 
tinually observed  among  rabbits,  —  But  one  of  the 
most  rcmarkiible  instances  which  tlie  history  of 
DMulund  affords,  of  tlie  production  and  perpetua- 
tion of  an  extraordinary  deviation  from  what  is 
usaaZ  in  the  human  race,  is  afforded  by  a  liimily 
whose  case  I  have  already  altudeil  to;  and  you  will 
be  interested  in  hearing  something  more  of  it.  In 
the  year  I7SI,  a  boy  of  fourteen,  named  Edward 
Lambert,  from  tlie  neighbourhood  of  Euston  Hall, 
in  Sufiblk,  was  exhibited  to  the  Royal  Society,  all 
whose  body,  except  the  face,  the  palms  of  the 
bands,  and  the  soles  of  the  feet,  was  covered  with 
a  dark  brown  thick  case,  exactly  fitting  every 
pon  of  bis  body,  made  of  a  rugged  bark  or  hide, 
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like  nnited  warLs,  cttllous  and  insensible,  and  il 
some  places  covered  with  bristles,  which  rustled 
like  those  of  the  hedfjehog  or  porcupine.  Thi» 
curious  covering  was  shed  and  renewed  annually. 
He  was  allerwards  exhibited  in  London  when  I; 
was  forty  years  of  age,  under  the  name  of  tfaj 
Porcupiye  Man.  He  had  had  six  children,  i"'^^ 
all  of  whom  the  same  peculiarity  of  integumei 
began  to  exhibit  itself  about  nine  weeks  afe 
birth.  One  of  them  only  was  living.  Many  y 
afterwards,  about  the  beginning  of  this  centui}^ 
Jolin  Lambert,  aged  twenty-two,  and  Richard,  age 
fourteen,  grandsons  of  the  original  Porcupine  Mm 
were  exhibited  in  Germany,  and  a  minute  accotii 
of  them,  with  plates,  was  published  by  Professof 
Teles  i  us. 

It  is  clear,  therefore,  that  if  such  a  variety  had 
occurred  in  a  different  period  of  society,  and  under 
circumstances  conspiring  to  tiivour  its  distinct 
perpetuation,  races  of  men  might  have  been  found, 
much  more  different  from  any  yet  known,  than 
any  of  the  present  varieties  of  mankind  are  Itoib  ' 
each  other.  It  is  rather  singular  that  more  has 
not  been  heard  of  this  family ;  for  the  elder  brother 
was  maiTied,  and  his  wife  was  pregnant  at  the 
period  mentioned. 


i 


But  all  these  differences  which  you  have  men- 
tioned in  man  and  animals,  relate  to  ihe  production 


uhI  perpetaatioD  of  sometluiig  defeclive,  or  un- 
nstaraJ  in  structure  or  appearance.  Are  we  then 
to  sappose,  that  the  most  perfect  form  of  man,  the 
Ctuicusian,  was  the  original  one,  tuul  that  ail  the 
varieties  which  occur  among  mankind,  have  been 
produced  by  accidenlat  differences,  which  Iinve 
been  kept  tip  and  perpetuated  in  their  (jescend- 


W^  The  subject  is  full  of  difliculty  and  obscurity, 
as  yaa  may  suppose,  when  I  tell  you,  that  some 
very  ingenious  men  are  of  your  idea;  whileothers, 
fram  the  analogy  of  animals  !n  which  changes  of 
coloor  usually  take  plate  from  darker  to  lighter 
lints,  suppose  that  tlie  primitive  stock  of  men  were 
blade,  and  that  it  was  by  gradual  improvements  in 
thi*  race,  that  the  more  perfect  varieties  of  form 
haveamen. 

HARniET. 

This  would  not  have  been  a  very  favourable 
theory  for  Milton,  whose  descriptions  of  hyacin- 
ihine  locks  and  golden  tresses,  and-  of  all  those 
drcumslances  of  male  and  female  form  and  com- 
plexion, in  which  we  consider  beauty  to  consist, 
must  have  been  superseded  by  pictures  of  curly 
hair,  thick  lips,  and  sable  visage. 


&nd  yet  ideas  of  beauty  vary  very  much  among 
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dlSereot  nations ;  so  ilmt  if  Milton  had  been  i 
Ethiopian,  or  a  Chinese,  his  descriptions  woi 
have  been  a  little  diSereut  from  nhat,  a 
pean,  he  made  them. 

It  is  impossible  to  ascertain  the  orjfrinal  fona  d 
the  various  breeds  of  animals  which  now  fill  I 
earth,  or  to  trace  the  changes  by  which  a  difierenO 
in  character  has  been  produced  among  thev; 
Much  of  what  is  stated  by  naturalists  on  these  sub) 
jects,  however  probable,  is,  to  a  certiun  d^rea 
hypothetical;  and  we  must  very  generally 
satisfied  with  analogies  instead  of  proofs. 

That  nature  delights  in  variety,  is  very  appar 
for  of  the  myriads  of  human  Iwings  who  have  a 
peared  on  tlie  face  of  the  globe,  not  one  has  ew 
been  precisely  alike  in  form  or  features.  Whi!< 
therefore,  there  is  a  general  form  and  appearano 
adhered  to  in  tlie  succession  of  the  hui 
there  is  a  certain  latitude  afforded  for  changt 
among  them,  though  we  know  not  to  what  exta 
this-may  go,  or  by  what  progression  the  origin 
form  of  our  first  parents  should,  in  the  course  i 
ages,  have  deviated  into  all  the  varieties  which  at 
present  distinguish  mankind.  We  have,  howevei^ 
gone  rather  fiirther  than  was  my  intention,  into  tht 
natural  history  of  man ,-  though  I  should  hope,  thai 
the  general  view  which  1  have  given  you  of  tht* 
subject,  and  for  much  of  which  I  ain  indebted  I 
the  able  works  of  Mr.  Lawrence  and  Dr.  Prichard^ 
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cbaQges,  however,  we  cannot  trace;  but  the  d< 
mestic  pig  has  been  variously  altered,  in  the  varioi 
regions  where  it  has  been  domesticated,  both  i| 
the  form  and  colour  of  its  body;  and  yet  the 
boar,  from  which  it  seems  very  certainly  to  hi 
derived  its  origin,  possesses  very  much  the 
general   character,  wherever   it   is   found, 
pig,  bdeed,  affords  the  best  example  of  a  w« 
ascertained  chaiige,  effected  in  no  very  long  pa 
riod,   in   the   appearance  of  an   animal.     It 
known  that  pigs  did  not  exist  in  America  at  U 
discovery  by  the  Spaniards ;  but  they  have  dege 
nerated  into  breeds  very  diiferent  from  each  otLei 
and  from  the  original  stock.    Some  that  were  takcg 
over   in  1500    to  the  island  of  Carbaguo,   thai 
celebrated  for  its  pearl  fishery,  degenerated  into  ■ 
race  with   toes  half  a  span  long:   and  those 
Cuba  became  more  than  twice  the  size  of  the 
European  progenitors.    In  Hungary  and  Swede 
large  breeds  are  found  with  solid  hoofs,  which 
a  peculiarity  that  was  known  among  the  ancient 
and  occurs  sometimes   in   England.     In  Gui 
the  hog  has  long  ears,  couched  on  the  back;  a 
in  China,  a  large  pendent   belly,  and  very  shi 
legs ;  while  at  Cape  Verd,  and  some  other  pi 
it  has  very  large  curved  tusks,  like  the  horns 
oxen. 

It  seems  as  if  regular  and  improved  nourii 
ment,    and  protection   from    the   inclemencies 
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which,  in  a  warm  atmosphere,  or  by  a  change  t 
one,  would  be  coloured ;  and,  in  the  torrid  i 
the  soft  fleece  of  the  sheep  is  lost,  which  woi 
be  recovered,  if  taken  where  its  warmth  is  need 
sary  as  a.  defence  against  the  weather. 

Civilization  produces,  among  men,  what  domei 
tication  does  among  animals ;  and,  indeed*  i 
change  from  a  sav^^e,  to  a  civilised  stale  of  e 
ence,  may,  from  the  uiflucnce  of  moral  causes,  I 
fairly  expected  to  be  greater  among  the  former^ 
than  the  latter.  I  shall  mention  a  few  of  the  n 
striking  instances,  in  which  a  certain  degree  ( 
civilization,  seems  to  have  a  certain  physical  e 
on  the  body.  The  inhabitants  of  New  Zealand, 
in  the  Faciiic  Ocean,  all  of  them  very  mucb 
resemble  the  negio  ui  colour,  hair,  and  form  0 
head.  The  Society  Isles  are  peopled  by  a  tribe 
of  the  same  race  which  furnished  the  populat 
of  New  Zealand ;  and  tlie  lower  people  resembU 
the  New  Zealanders  in  complexion  and  appear 
ance;  but  the  higher  classes  are  gradually  getting 
a  fairer  skin,  and  some  of  them  are  even  approx- 
imating, in  complexion  and  hair,  to  the  Germany 
or  Teutonic  race.  It  has  been  observed, 
that  in  the  United  States  of  America,  tlie  fieH 
slavey  who  hve  on  the  plantations,  retain  pretty^ 
nearly  (he  rude  manners,  and  much  of  the  struc- 
ture and  appearance  of  their  original  ancestors. 
On   the  other  hand,  the  domestic  servants,  who! 
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AiTEn  having  explained  to  you  the  nature  of  tl 
integuments,  and  given  you  an  account  of  some  « 
the  principal  circumstances   relating  to  externa 
form  and  appearance,  I  shall  endeavour  to  n 
you  acquainted  with  the  parts  which  form  tlie  fi 
dation  of  the  body,  namely,  the  bones. 

These  iire  intended  by  nature  to  give  solidity  t< 
the  frame,  nnd  to  afford  a  ready  means  of  insertion 
for  the  muscles,  or  those  parts  which  are  concerned 
'  in  motion.  They  likewise  protect,  in  various  in- 
stances, important  parts  contained  within  them; 
and,  by  a  happy  adaptation  of  tlieir  extremities,  in 
tfaejointS]  allow  all  those  changesof  position  which 
are  continually  necessary  to  us. 

HARRIET. 

But  would  you  not  find  it  more  convenient,  after 
treating  of  the  external  parts  of  the  body,  to  go  to' 
the  inferior  parts  in  succession,  and  to  arrive  last 
'  of  all  at  the  bones,  as  the  basis  ? 

DR.    A. 

It  is  exceedingly  difBcult,  in  an  endeavour  to 
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of  the  works  of  the  Creator,  will  find  their  accoui 
in  overcoming  tlie  reluctance  to  inspect  any  thii 
whicli  has  actually  belonged  to  the  animal 
But  though  yoo  may,  perhaps,  still  shudder  at  a 
real  skeleton,  you  will  not  be  alarmed  at  drawings 
of  one,  on  which  I  can  point  out  mudi  of  what  will 
illustrate  the  subject  of  our  conversation.  * 
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■  EXPLANATION  OF  PLATE  1. 

DONTS  OP  THE  B 

.  Frontal  bone. 

LElkD  AKD  NECK. 

S.  Upper  jaw. 

a. 

.  Parietal  bone. 

6.  Lower  jaw. 

5. 

.  Temporal  bone. 

7.  The  seven  corviealverte. 

*■ 

Malar,  or  cbeek-bone. 

brse,  or  bones  of  the  neck 

B. 

TKU 

,  Swmum,  or  breast-bone. 

NK. 

from  its  being  u>ed  in 

9. 

.  Seven  upper  or  trtie  ribs, 
10    called    from     being 

sacrifices.^ 

13. 

Bone  fornung  the  pelvu 

united  to  the  xtemum. 

with  the  OS  sncrum,  and 

10. 

,  Rye  lower  or  liilbe  ribs. 

from  not  exteniling  to 
the  flernum. 
Five  lumbar  vertebra,  or 

or  nnmelcss  bone.    It  it 

divided  into. 

Hip  bone,  or  os  ilium ; 

11. 

14. 

bones  of  the  lotng. 

15.  Oi  pubis; 

1!. 

0»i)aerum,orsacredbone, 

16.  Haunch  bone,  or  oi  ii- 

UFFEB   EXTBElItTY. 

n. 

,  Clavicle,  or  collar  bone. 

30.  1[«  inner  eminence,  or' 

IS. 

,  Scapula.or  shoulder  blade. 

condyle. 

^ 

^loulder  bone,  or  os  hu- 

ai. 

lis  outer  eminence,  gd 

i 


^^^^m 

iT 

1^ 

\ 

1  ^ 

1  V 

i 
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You  see  that  ibe  skull  or  cranium  [PI.  I.  No, 
I — S.  aiid  PI.  11,  No.  I,  2.]  which  contains  the 
brain,  b  fixed  at  the  top  of  the  vertebral  column,  or 


91.  Radhu.  S5.  Metacarpal  bone  of  the 

(3.  Ultm.  thumb. 

31.  Wriet,  or  arpus,  com-     86.  Metacarpol  bones  of  the 

poxd  of  many    tmaU  Cngcrs. 

I»DW.  a?.  Thumb. 

38.  Finger*. 


19.  Thigti-bone,  or  femur. 
M.  TwJiBnter     laapr,     or 
lareef    process    of  tiio 

er  ditto. 

b  Internal  condvlc 

I.  External  condj-Ic. 

Em.  Patella, or  knee-pan. 


35.  Tibia. 

36.  Fibula, 

37.  Inner  ankle. 
S8.  Outer  ankle. 

39.  Heel,  or  09  calcb, 

40.  Metatarsal  bones  of  ihc 

41.  The  toes. 


I,  Puietsl  bono, 
t.  Occipital  bone. 
I.  Malar  bone. 


THE  taONK. 


«.  The  nbs . 

f.  The  tw  elve  dorsal  sci-te- 
bra,    or    bone«  of  the 
hack. 
^    t.  Lumbar  rertcbrffi. 

*.  0>  lacniD. 
I  10.  OtooccTg^s,ornnallbone 
■ppenaed  to  the  loner 


part  of  the  sacnini ;  so 
called  from  its  resem- 
blance to  acuckoo'i  bill. 


IS.  O9  ilium. 
13,  Os  pubib. 


98  OF  THE    B0KE8. 

bones  of  the  back,  [PI.  I.  No.  7,  11.  and  PI.  IL 
No-  5,  8.]  in  the  centre  of  which  is  a  hollow 
space,  destined  for  the  reception  of  the  spinal 
marrow,  a  substance  whicli  is  a  prolongation  of  the 
brain,  and  resembles  it  a  good  deal  in  nature  and 
function. 

At  a  little  distance  from  the  skull,  commence 
the  ribs,  [PI.  I.  No.  9,  10.  and  PL  II.  No,  6.] 
which  are  fixed  beliind,  to  the  bones  of  the  back, 
and  the  greater  number  to  the  breast-bone  before ; 
[PL  I.  No.  8.3  Their  curvature  forms  a  cavity, 
which  b  colled  the  chest,  and  contains  the  heart 
and  lungs. 

At  the  lower  part  of  the  vertebral  column  is 
placed  a  firm,  thick,  strong,  and  irregular  bony 
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15.  Clavicle. 

16.  ScBputn. 

n.  Shoulder-bone. 

18.  Its  inner  condyle. 

19.  lt«  outer  condyle. 
90.  lladiuB. 

SI-  Uina. 


53.  Wrist. 

23.  Metacarpal  bone  of  1 
tlmmb. 

54.  Meiacarpal  booes  of  I 
fingers. 

25.  Thumb. 
L'ti.  Fingeri, 


tOWEB  EXTIlLMilTT. 

S7.  Thigh.  34.  Inner  nnkle. 

as.  'IVocbanter  major.  35.  Outer  ankle. 

39,  -^^-—  minor.  36.  Tarsus,  or    ankle,    ... 

50.  Inner  condvle.  poaed,  like  the  nriit, 

31.  Outer  condyle.  manj  small  boocs. 

32.  Tibia.  _-....        .  . 

53.  Fibula. 
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strnctore,  called  the  hips,  [PI.  I,  No.  12 — 16.; 
and  PI.  II.  No.  9— H.]  which  encircle  a  sort  of 
boUon'  space  termed  the  pelvis  or  bason,  from 
coDtainlng  the  lower  part  of  tlie  intestines,  and 
some  other  important  organs. 

At  the  upper  part  of  the  ribs  are  fixed  the 
dwnlder  blades,  [PI.  I.  No.  18.  and  PI.  II.  No. 
16.}  into  which  tlie  upper  extremities  are  artlcu- 
laud  or  jointed;  and  at  the  lower  part  of  the  pelvis 
are  articulated  the  lower  extremities. 

By  the  front  and  back  views,  and  the  particular 
explanations  which  I  have  annexed  to  thein,  you 
will  be  able  to  form  a  general  idea  of  all  the  most 
msteiia]  parts  of  our  bony  structure. 

There  seems  to  be  a  great  difference  ui  the  de- 
.  TL-e  of  protection  which  is  afforded  to  the  contents 
!  the  head,  and  tliosc  of  the  chest,  though  one 
ould  think  that  the  heart  was  one  of  the  most 
nportant  parts  of  the  body. 

DR.    A. 

:>o  it  is;  but  then  in  tlie chest,  there  is  a  certain 
oiion  required,  on  account  of  tlic  alternate  dila- 
u^on  and  expansion  of  the  longs  by  respiration, 
a  which  a  fixed  and  unyielding  cover  would  be 
tUaiiy  adverse.  The  cover  is,  tlicrefore,  composed 
oTteperate  pieces,  with  muscles  interposed;  and  the 
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whole  cttlculated  for  the  degree  of  motion  whichfl 
the  action  of  res]tiratJon  requires. 

The  form,  mngnitudc,  aod  mode  of  jimction  c 
bones,  vary,  according  to  the  design  wliich  tbq 
are  intended  to  serve.     Wliere  length  b  required, ' 
with  flexibility  at  particular  parts,  we  have  bones, 
like  those  of  the  arm  and  leg,  of  firm  texture,  with 
joints  at  certain  intervals.     In  the  hand  and  foot^  ■ 
there  is,  by  means  of  the  numerous  joints  of  t 
fingers  and  toes,  and  of  a  curious  mechanism  o 
bony  structure  between  those  parts  and  the  wri 
and  ankle,  a  facility  given  to  the  various  import 
actions  of  the  hand,  and  to  the  more  limited  moi 
ttons  of  the  foot. 

In  the  back,  great  solidity  is  required,  and  1 
motion  in  any  one  part  of  it  is  very  smalL 
«ome  of  tlie  joints,  the  power  of  motion  is  in  all  d 
rections,  as  in  the  shoulder  and  hip ;  while  in  t' 
ellHJW  and  knee,  there  is  only  the  power  of  bendj 
ing  or  extending  them. 


One  feels,  indeed,  as  if  a  greater  latitude  < 
motion,  particularly  in  the  knee,  would  dimini  ' 
stability ;  and  therefore  it  seems  to  be  wisely  a 
ended,  just  to  give  the  kind  of  motion  which  con- 
venience requires,  at  the  same  time  tliat  tlie  utmoa 
regard  is  pdd  tofirmness,  and  steadiness  of  position 
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This  is  the  object  which  nature  has  continually 
in  view,  in  regulating  the  motions  of  the  hotly ;  and 
the  machinery  employed  is  tliat  which,  in  every 
way,  is  admirably  adapted  for  the  purpose. 

TTie  joints  which  compose  the  shoulder  and  hip, 
are  of  the  description  which  is  called,  in  mechanics, 
the  ball  and  socket ;  and  they  are  adapted  to  the 
exerdie  of  motion  in  all  diiections.  The  hip,  as 
it  is  used  in  supporting  the  weight  of  the  whole 
bodj-,  is  very  deep-seated,  and  has  every  resource 
employed  in  it,  for  the  purpose  of  giving  It  firm- 
ness, and  preventing  displacement.  It  is  tixed  in 
a  deep  groove,  as  you  may  see  in  the  sketches, 
with  the  bony  edge  a  little  lower  toward  the  inside, 
in  order  to  admit  of  motion  in  that  direction ;  and 
it  is  secured  by  large  masses  of  thick  muscles, 
which  lie  over  it.  Tlie  shoulder-joint,  on  the 
other  hand,  is  superficial,  and  has  a  very  shallow 
socket,  so  that  its  motions  are  among  the  most  free 
and  extensive  of  any  joint  in  the  body.  To  render 
them  still  more  so,  it  is  attached  to  the  shoulder- 
bUde,  [PI.  L  No.  18.  and  PI.  II.  No.  16.]  a  sub- 
wliary  bone,  which  lies  loose  over  the  back,  so  as 
to  increase  materially  the  latitude  oF  motion  of  the 
Mm.  The  shoulder-blade  again  is  attached,  by 
means  of  the  collar-bone,  or  clavicle,  [PI.  I.  No. 
17.  and  PI.  II.  No.  15.]  to  the  upper  part  of  the 
breast,  where  there  is  a  small  joint,  which  may  he 
r  3 
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said  to  be  a  hinge,  on  which  the  whole  arm  movt 
You  will  easily  understand  this  by  the  sketcfaeal 
and  may,  at  the  same  time,  readily  feel  on  yoi 
selves,  how  all  the  parts  which  I  have  just  met 
tioned,  are  concerned  in  the  motion  of  the  arm. 
CHARLES. 
On  putting  the  hand  upon  the  collar-bone^  and 
moving  the  arm,  it  is  quite  obvious,  that  the  hinge 
at  the  breast,  is  very  important  for  facilitating  the 
motion  of  the  arm ;  a  circumstance  which  otherwise 
hardly  enters  into  the  contemplation.    But  in  what 
way  are  the  joints  attached  to  each  other  ?  A  work- 
man uses  some  sort  of  pin  to  keep  his  joints  together. 
Does  nature  employ  a  resource  of  this  kind,  or  are 
the  joints  merely  kept  together  by  the  mascles 
which  suiTound  them  ? 

DR.  A. 

Nature  employs  what  are  called  ligaments,  0 
binders^  for  the  purjiose  of  attaching  joints  ; 
gether ;  and  there  is  one  particular  kind  which  ^ 
known  by  the  name  of  capsular  ligament,  which  ll 
common  to  all  joints.  It  is  so  termed,  from  its  ii 
closing  the  joint  in  a  kind  of  purse,  or  thin  a 
firm  membranous  bag,  which  is  fixed  at  a  littl 
distance  from  each  contiguous  extremity  of  e' 
joint,  all  around  the  bone.  In  this  way,  it  is  cle« 
that  the  two  extremities  of  bone  are  kept  to( 
by  a  contrivance,  which  leaves  the  motion  ( 
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jaat  fjuite  iree.  But  ibis  capsular  ligament  is  not 
ofilsdf  sufficient  for  retaining  the  joints  in  their 
posilioD,  and  giving  sufficient  firmness  to  their 
Dorements.  There  are  other  ligaments  whicli  go 
bom  one  bone  to  another,  and  fix  tliem  securely 
together ;  and  these  generally  have  their  names 
aiher  from  their  shape,  or  their  position. 

CHAHLES, 

One  sees  in  the  joints  which  come  under  obsei'v- 

aiJMl  at  table,  that  there  is  a  gristle  which  covers 

ibetnds  of  the  bones  which  are  connected  together; 

(bis  i^  I  suppose,  for  the  purpose  of  malting  them 

[mtwe  easily  npoa  each  other. 

^BOnst  so.  These  gristles  are  called  cartilages,  and 
l^^e  always  employed  to  cover  parts  which  are  in- 
leaded  to  move  on  each  other.  For  a  bone,  how- 
ever  smooth  it  may  be,  is  nofnt  all  adapted  to  move 
on  a  surface  of  bone;  not  only  because  it  is  rough* 
but  because  it  is  unyielding.  A  smootli  surface  of 
cut2age  would  not,  however,  of  itselt^  answer  the 
purpose  of  giving  suiEcieiit  facility  to  motion.  In 
the  delicate  nioyemcntfi  of  nice  mnchinerj',  oil  is 
employed  to  diminish  iriction,  which  must,  from 
'.inte  to  time,  he  renewed ;  or  otherwise  the  machine 
mil  be  retaided,  or  stop.  Nature  has  wisely  pro- 
vided the  cavity  of  a  joint  with  n  continual  supply 
of  I  glairy  fluid,  or  synovia,  as  it  is  colled,  which  is 
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sake  the 


intended  to  lubricate  the  cartilages,  and  make  : 
movements  on  each  other  as  easy  as  possible.  Yoa 
will  now  see  how  important  it  is,  that  every  joint 
should  have  a  capsular  ligament,  because  the  syno- 
via b  thus  prevented  from  escaping,  which  it  must 
necessarily  do,  unless  for  such  a  bag  as  b  thus 
afforded  to  it 

CHARLES. 
What  a  beautiful  provision  this  b  t  a  sort  of  na- 
tural oiling,  which  is  continually  keeping  the  joints 
in  a  fit  state  for  movement.  The  inventor  of  the 
patent  axle-tree  must  have  had  this  natural  process 
in  view,  in  devising  his  plan  for  preventing  the 
necessity  of  fiecfuently  greasing  the  wheels  of  car- 
riages. 

DR.  A. 

Not  improbably:  but  nature  here  does  what  art 
cannot  effect;  for  she  not  only  produces  the  fluid 
necessary  for  lubrication,  but  keeps  it,  by  means  of 
processes  with  which  you  wilt  afterwards  become 
acquainted,  in  a  state  of  continual  adaptation  for 
its  purpose. 

f  have  mentioneil  that  tlie  shoulder-joint  is 
lodged  in  a  very  shallow  cavity,  in  order  to  allow  of 
great  freedom  of  motion.  It  is  tlius,  however,  more 
readily  displaced;  but  die  liability  to  injury  which 
this  circuuistance,  as  well  as  iu  superficial  position, 
produces,  is  a  good  deal  diminished,  by  its  being 
defended  by  projections  of  bone  from  the  shoulder- 
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blade,  113  well  as  by  a  great  thickness  of  muscle  on 
its  upper  and  fore  part. 

The  elbow  is  a  joint  of  a  different  charncter; 
and  it  resembles  what  is  termed  the  hin^re,  in  car- 
pentry :  the  projecting  parts  of  one  limb,  that  which 
'a  called  the  fore  arm,  or  lower  arm,  lodging  into 
ca»ides  made  for  its  reception  in  the  upper.  The 
motion,  like  that  of  the  common  hinge,  is  only  that 
of  flexion  and  extension ;  and  it  has  not  only  strong 
ligaments  to  bind  the  parts  together,  but  is  strongly 
guarded,  as  indeed  many  other  joints  are,  by  pro- 
jecting bones,  which  are  intended  to  ward  offinjury. 

HARRIET. 

The  wrist  seems  to  have  a  very  extensive  power 
of  motion;  but  you  do  not  mention  it  as  having  the 
ball  and  socket  joint,  like  the  shoulder,  which  I 
should  have  supposed  it  would  have,  in  order  to 
possess  similar  freedom  of  motion. 

DR.  A. 

I  Iiave  smd  that  the  shoulder  is  very  easily  dis- 
placed, a  circumstance  which,  if  it  applied  to  ihc 
•rbt,  would  deprive  it  of  much  of  its  utility ;  and 
oature  has  therefore  employed  a  very  beautiful  con- 
trivance, to  combine  latitude  of  motion  with  secu- 
i«y.  The  fore-arm  consists  of  two  bones,  the  radius 
[PL  L  No.  22.  and  PI.  II,  No.  20.]  and  uliia,  [PI.  I. 
No.23,  and  PI.  II.  No.  21.]  These  are  fixed  to 
the  wrist  or  carpus,  [PI.  I.  No.  24.  and  PI.  II. 
F  5 
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No.  SZ."}  whicli,  witli  the  bones  continuons  wil 
the  finf^ers,  and  called  metacarpal  bones,  form  the 
hand.   The  articulation  is  ofsucli  a  kind  as  to  have 
the  motion  of  the  hinge,  that  is,  to  work  npnards 
and  downwai-ds.     Tliis  is  effected  by  the  hinge- 
joint  ;  but  in  addition  to  this,  there  is  a  second 
separate  joint,  for  the  purpose  of  admitting  what 
termed  pronation  and  supination,  that  is,  of  allon^ 
ing  the  wrist  to  turn  round  to  a  certain  extent 
each  side,  upon  its  axis,  in  order  to  raise  or  depi 
the  palm  of  the  hand.     To  effect  this,  the  radii 
moves,  laterally,  on  a  little  knob-like  head  of 
ulna,  and  carries  the  hand  round  with  it.     But 
order  to  facilitate  the  movement,  it  has  likewise  a 
certain  motion  of  a  similar  kind,  but  in  an  opposite 
direction,  at  the  elbow,  where  a  knob-like  termi- 
nation of  the  radius,  moves  in  a  htde  canal  in  the 
ulna.  You  may  i-eadily  perceive  both  those  motions^ 
in  yourselves,  by  a  little  attention ;  and  will  easily 
see,  that  by  means  of  pronation  and  supination, 
and  the  double  articulation  which  I  have  mentioned, 
the  wrist  has  all  the  security  of  the  hinge-joint^ 
with  much  of  the  latitude  of  motion  of  the  ball 
socket. 

CHABLES. 

There  is  n  contrivance  not  very  dissimilar,  in  the 
frame  of  the  telescope,  where  it  is  necessary  to  raise 
or  depress  the  insti-ument,  as  well  as  to 
one  side  or  the  other. 
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Tbe  objects  are  a  good  deal  similar  in  both 
cases ;  but  there  is  one  jiarticular  joint  in  the  body, 
where  the  analogy  with  die  telescope-joints  is  ex- 
ceediogiy  close.  I  meau  that  of  the  head  upon  the 
spine,  where,  by  a  very  curious  mecliauism,  we  have 
the  vertical  and  horizontal  motions  in  a  veiy  com- 
plete manner. 

I  have  already  mentioned  that  the  vertebral  co- 
Imnn  bexceedingly  solid,  with  a  very  small  motion 
oolyi  in  nny  one  point.  It  is  composed  of  very 
irr^idar  bone^,  joined  together  by  strong  liga- 
ments, but  with  the  projections  so  fixed  into  each 
other,  as  to  prevent  tlie  possibility  of  dislocation. 
This  is  very  wisely  ordered,  on  account  of  the  sub- 
stance whicli  the  vertebral  column  is  intended  to 
protect,  viz.  the  spinal  marrow ;  for  the  bones  are 
so  fixed  togedier,  as  to  leave  a  cavity  open  from  the 
bead  downwards,  through  which  the  spinal  marrow 
passes :  and  it  is  clear  that  dislocation  could  not 
occur,  without  entirely  destroying  tlie  mairow,  and 
bterrapting  the  functions  depending  upon  it.  The 
motion  of  each  bone  upou  another  Is  very  small  and 
obscure;  but  it  is  assisted  by  acartilaglnoussort  of 
(ubstance,  which  lies  between  each  joint,  and  which, 
by  yielding  to  the  different  movements  of  the  back, 
readers  tbe  power  of  motion  a  little  more  extensive, 
■nd  at  the  same  lime  more  gradual  and  equable. 
;  substance  is  n  very  peculiar  one,  and  is  not 
r  G 


strictly  similar  to  any  other  id  the  animal  frame. 
While  it  is  yielding  in  iu  nature,  for  the  purpose 
of  facilitating  and  increasing  motion,  it  possesses 
so  much  elasticity,  as  immediately  to  resume  its 
usual  state  of  expansion,  on  the  muscular  force  to 
which  it  has  yielded  being  removed. 

CHARLES. 

But  it  is  curiotis  that  with  the  power  which  it 
possesses  of  yielding  so  readily,  it  should  not  give 
way,  over  its  whole  substance,  to  the  weight  of  the 
body,  and  thus  gradually  diminish  the  power  of 
yielding,  when  motion  is  wanted. 

DIt,  A. 

And  so  it  does:  we  are  rather  shorter  in  the 
evening  than  in  the  morning,  from  the  continued 
compression  of  this  intervertebral  substance  during 
the  day ;  and  if  it  were  not  for  the  recovery  of  its 
elasticity  during  rtpose,  we  should  experience  the 
inconvenience  su^esti-d  by  you.  But  to  explain 
the  point  which  led  to  these  observations,  the  head 
moves  up  and  down,  by  its  having  a  hinge-joint  at 
the  upper  vertebra  of  the  neck,  the  atlas,  as  it  is 
called.  In  order  to  accomplish  the  rolling  motion, 
a  perpendicular  projection  exists  in  the  second 
bone  of  the  back,  which  is,  from  its  resemblance  in 
shape  and  magnitude  to  a  tooth,  called  tlie  tooth- 
like process,  and  is  fixed  securely  by  a  ligament  to 
a  little  notch  at  the  fore  part  of  the  atlas.     The 
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head  witii  the  atlas  attached  to  it,  works  upon  this 
looth-ltke  process,  and  thus  obtains  all  the  necessary 
ireedom  of  latend,  and  rotatory  motion.  You  can 
readily  understand  how  the  head  moves  up  and 
Joira,  because  it  is  by  the  common  hinge-liki; 
inoremeat ;  but  it  is  more  difficult  to  comprehend 
the  mode  in  which  the  action  of  the  head  upon 
the  tooth-like  process,  which  I  have  just  mentioned, 
is  eSected.  You  may,  however,  conceive  how  this 
lakes  place,  by  holding  the  fore-finger  of  your  right 
lifliid  perpendicular,  and  grasping  it  with  your  left 
hand.  In  this  case,  it  is  clear,  tliat  the  left  hand, 
with  the  for€-6nger  grasped  in  it,  can  be  moved 
round  in  all  directions  on  the  right;  and  this  may 
be  a  rough  example  of  the  way,  in  which  tlie  head 
moves  on  the  tootli-like  process  represented  by  the 
Ibre-finger. 

The  head  and  hand,  therefore,  possess  a  simi- 
lar freedom  of  motion ;  but  it  is  accomplished  by 
(USerent  means,  and  both  of  them  in  a  way  best 
adapted  lo  the  circumstances  of  the  particular  joint. 

UAKBIET. 

But  does  this  htde  elevated  portion  of  bone  give 
a  strength  to  the  joint,  sufHcient  to  prevent  dis- 
cement? 

DR.  A. 

Lit  is  to  be  remarked  that  the  resting  is  perpen- 
u\&T,  so  that  the  bearing  Is  not  upon  the  tooth- 
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like  process,  but  the  body  of  the  bone;  and  to 
guard  against  latei'al  modon,  which  would  break, 
displace,  or  injure  this  process,  there  is  not  only  a 
very  firm  ligament  to  keep  it  in  its  place,  and  pre- 
vent its  pressing  on  the  spinal  mEurow,  but  there 
are  likewise  strong  and  firm  ligaments  to  bind 
together  the  second  vertebrti,  out  of  which  the 
tooth-hke  process  grows,  to  the  atlas.  There  is 
also  a  very  firm  protection  ^ven,  from  the  thicJc 
and  strong  layer  of  muscles  and  tendons,  which 
take  their  oi'igin  irom  tlie  vertebral  column,  and 
accompany  it  all  the  way  down  tlie  back. 

BOPHIA. 

I  suppose  that  some  parts  of  the  vertebral  column 
have  more  capacity  of  motion  than  others ;  for  in 
tumblers,  I  have  often  been  surprised,  and  even 
distressed,  at  the  twistings  of  form  which  they  are 
able  to  make. 

DR.  A. 

The  neck  and  loins  have  more  power  of  motion 
than  the  back ;  but  still  there  is  very  little  motioa 
in  eadi  joint;  and  what  there  Is,  is  much  augmented 
by  the  compression  capable  of  being  exercised  on 
the  intervertebral  substance  which  I  have  josi 
mentioned. 

There  is  another  joint,  which  I  may  mention 
to  you,  the  knee,  which  exhibits  an  example  of 
great  pains  and  attention  bestowed  on  imparting 
to  it  strength,  and  the  power  of  resisting  injuries. 
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The  thigh  consists  of  one  bone  only,  as  you  may 
see  by  Uie  sketch ;  but  the  leg  consists  of  two,  the 
tibia,  a  large  one ;  [PI.  I.  No.  35.  and  PL  II.  Ko.  32.] 
and  the  fibula,  a  small  one,  [PI.  I.  No.  36.  and 
PI.  IL  No.  33.]  lying  on  tlie  outside  of  it.  These 
two  bones  are  fixed  very  firmly  together,  and  they 
are  joined  to  die  thigh-bone,  at  the  knee,  in  the 
manner  of  a  hinge ;  but  to  this  they  are  not  only 
uoited  at  the  sides,  by  very  powerful  ligaments^ 
brn  Ukewise  at  tlie  very  ends  of  the  bones,  by 
strong  cords  placed  crossways,  in  the  middle  of  the 
joinL  A  single  cord,  of  a  siniilnr  description, 
exists  also  in  the  joint  of  the  thigh.  The  knee,  too, 
is  guarded  in  the  front  by  the  knee-pan,  or  patella, 
[PI.  I.  Xo.  St.]  which  is  intended  to  protect  the 
edges  of  the  joint,  from  the  injury  to  which,  unless 
for  this  appendage,  it  would  be  liable. 

I  have  already  mentioned  to  you,  that  the 
ndios  and  ulna  unite  with  the  car^ius  or  wrist, 
wfaicb,  with  the  metacarpal  bones,  form  the  Iiand. 
The  tibia  and  fibula,  in  like  manner,  unite  at 
their  lower  part,  with  the  tarsus  or  ankle,  and  this, 
in  conjunction  with  tlie  metatarsal  bones  of  the  toes, 
forms  the  fooL  But  the  wrist  and  ankle,  instead  of 
consisting  each  of  one  bone  only,  aie  formed  of 
several  bones,  so  irregular  in  tlie'u*  shape,  and  so 
Simly  united  to  each  other,  as  to  make  displace- 
ment exceedingly  diiEcult.  These  bones  are,  how- 
erer,  attached  to  each  other  In  such  a  manner,  as  to 
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allow  a  certain  slight  degree  of  motion,  which  i 
obviously  of  great  importance,  both  in  the  foot  a 
the  hand. 

As  it  is  m^'  principal  intention  to  communica 
to  you  a  knowledge  of  principles,  and  of  si 
the  more  important  fncts  to  elucidate  them,  it  ii 
not  necessary  to  go  further  into  detail  with  regi 
to  this  part  of  our  structure.  I  would,  lioweva 
merely  advert  to  two  sets  of  bones,  which  form  i 
very  important  part  of  the  body ;  namely,  those  a 
the  head,  called  the  skull ;  and  those  of  the  hips,  a 
the  pelvis,  as  they  are  termed,  from  containii^ 
various  important  parts  within  them,  as  a  bason. 

The  skull  was  originally  formed  of  many  distinct 
pieces,  which  became  joined  by  sutures,  or  a  kind 
of  zig-zag  work,  which  in  time  became  as  solid  as 
any  other  part  of  the  bone,  from  the  bony  matter, 
at  the  place  of  junction,  becoming  firmly  united. 
The  hips,  Lkewise,  were  formed  originally  of 
various  separate  bones,  wliich  became  in  time 
6rmly  joined  together,  and  capable  of  support. 
ing  the  great  weight  which  they  are  intended 
to  bear.  They  are  fixed  to  the  lower  part  of  the 
vertebral  column  behind,  and  to  the  lower  es- 
treinities  before,  so  as  obviously  to  be  the  material 
instruments  of  sustaining  the  principal  weight  trf" 
the  body. 

The  sutures  form  a  very  curious  mode  of  iinioa, 
and  one  which  is  evidently  applicable,  in  a  very 


or  THE   BOMES.  113 

iidmirable  manner,  to  the  junction  of  the  bones.  If 
)iHi  can  suppose  a  small  saw  laid  flat  upon  thin 
pasteboard,  and  the  pasteboard  to  be  cut,  Recording 
10  the  marks  which  the  teeth  of  die  saw  will  make 
ill  a  slight  pressure,  you  will  then  have  a  sort  of 
cTc-tail  work,  by  which  each  divided  portion  will 
auralely  (it  into  tlie  other.  This  very  much 
Lietnbles  the  juncture  by  suture,  and  it  is  beauti- 
i^Ily  Hlapted  to  the  union  of  very  thin  surfaces. 

CHARLES. 

The  points  of  union  are  by  this  means  evidently 
touch  iacreased ;  whereas,  in  broader  surfaces, 
ihere  a  larger  front  Is  applied,  such  n  plan  would 
be  superfluous.  But  is  the  number  of  bones  of 
Ibe  skull  arbitrary,  or  does  it  follow  a  cerlaiu  uni- 
brnt  division  ? 

DR.  A. 
These  bones  are,  with  occasional  trifling  differ- 
■Ttccs,  the  same  in  nil  skulls ;  and  they  are  desig- 
luted  by  particular  well  known  names.  Tlie  bone 
n  the  front  is  called  the  frontal  bone ;  [PI.  I.  No.  1  .j 
itie  two  imtnedlately  behind,  the  parietal  bones, 
From  being  supposed  to  defend  the  brain,  as  a 
pories,  or  wall  [PI.  I.  No.  2.  PL  It.  No.  1.];  that 
at  the  back  of  the  head,  the  occipital  bone  [PI.  II. 
Ka2.];  the' two  immediately  over  the  ears,  the 
temporal  bones,  [PI.  L  No.  3.]  These  bones  arc 
■:!l  of  them  joined  by  sutures,  which  have  also 
jrtain  designations.     That  which  joins  the  frontal 
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bone  to  the  parietal  bones,  is  called  the  coroi 
suttire ;  that  which  joins  the  two  parietal  bos 
together,  the  sagittal  suture,  from  being  placed 
an  arrow  {sagitta)  on  the  cuned  coronal  suture 
the  suture  placed  between  the  parietal  and  the  c 
cipital  bones,  is  termed  the  ianibdoid  suture,  &c 
its  resemblance  to  the  Greek  letter  lambda, 
and  those  which  join  the  temporal  bones  to  l 
parietal,  to  the  frontal,  and  to  the  occipital  boni 
are  termed  tlie  squamous  sutures,  from  overla 
ping  each  other  as  a  scale,  instead  of  being  dove 
tailed  like  the  others. 

BOFUIA. 

Why  are  the  bones  at  the  sides  of  the  head'^ 
called  the  temples  ?  There  is  a  common  idea,  that 
a  blow  on  them  is  more  dangerous  than  at  any  other 
part  of  the  head :  Is  this  correct? 

DIl.  A. 
Temple  is  an  abbreviation  of  temporal ; 
they  were  termed  ossa  teraporum,  or  tempori 
from  tempus,  time,  because  grey  hairs 
posed  to  make  their  appearance  first  at  Uiis  pis< 
and  thus  to  imply,  that  the  effects  of  time  were 
becoming  visible.  I  am  not  aware  of  greater 
danger  attaching  to  a  blow  on  this,  than  any  ol 
part  of  the  bead ;  except  In  as  much  as  a  fracti 
or  other  injury  here,  would  be  likely  to  be  mi 
deep  seated,  and  to  be  further  removed,  ihereft 
from  the  reach  of  appropriate  treatment. 


andj 
iace»^ 


OF  THE   BONES.  115 

There  are  two  other  bones  which  form  the 
in^er  and  front  part  of  the  skull,  which  are  of  a 
lery  irregular  shape  ,■  these  are  tlie  sphienoidal 
one,  frotn  8  Greek  word  signifying  wedge,  being 
ihought  to  be  h&ed  in  the  skull  as  a  wedge ;  and 
(he  ethmoidal,  from  a  Greek  word  signifyitig  sieve, 
dus  bebg  in  the  front,  and  perforated  variously, 
-irtiuuiy  important  purposes. 

CHARLES. 

I  am  very  anxious  to  know  what  bone  is,  or 
ntber  tow  it  is  formed ;  for  I  recollect  having 
beird  of  its  being  composed  of  phosphate  of  lime, 
tboug^  I  am  at  a  loss  to  know  how  this  particular 
dt  fiuTiishes  such  a  singular  substance  as  we  see 
Ime  consists  of. 

Die  A. 

The  origma!  state  of  the  body  b  that  of  a  soft 
kind  of  jelly,  which  contains  the  rudiments  of  parts, 
and  in  time  acquires  solidity,  and  that  peculiar  form 
viiich  particular  parts  are  destined  to  assume.  The 
bones  themselves,  hard  and  substantial  as  they 
appear,  were  originally  nothing  more  than  soft 
pulp,  ooDtamed  within  a  membranous  coveting, 
which  gradually  became  harder,  and,  at  the  proper 
period,  acquired  solidity  sufficient  for  all  the  pur* 
poses  of  life. 

CHARLES. 

Do  yoo  mean,  then,  that  there  were  in  bones 
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intermediate  states  of  solidity  up  to  that  of  perfect 
bone? 

DR.  A. 

Certainly;  for  the  most  substantial  bone  wai 
between  its  original  soflness  and  eventual  solidiq 
in  a  cartilaginous  state. 

CHABLES. 

Then  I  suppose  bone  is  nothing  more  tha 
hardened  cartilage,  and  cartilage,  hardened  jelly. 

DR.  A. 

This  was  an  Idea  very  commonly  entertained  b 
physiologists  at  one  time,  but  it  is  totally  incorrect 
for  the  formation  of  the  original  jelly,  or  soft  ma 
teriol  of  the  cartilage,  and  that  of  the  bone,  are  al 
different  processes  of  the  animal  economy,  depend 
ing  on  different  actions  of  the  vascular  systen 
To  understand  this,  however,  it  will  be  necessai 
to  give  you  a  slight  sketch  of  the  vascular  systeD 
and  of  the  operations  depending  upon  it;  f^ 
though  it  would  be  more  systematic  to  speak  i 
these  things  separately,  yet  it  is  my  plan  to  enda 
vour  to  make  every  thing  intelligible  as  I  go  on. 

The  vascular  system  is  a  general  term  appli^ 
to  the  vessels,  or  tubes,  which  circulate  the  bloc 
through   the  botly,  and   by  means  of  which  ita    ' 
growth  and  nourislimeiit  are  provided  for.    These 
tubes  are  calletl  blood-vessels,  and  consist  of  arte- 
ries and  veins.     The  arteries  derive  their  origin 
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from  ihe  heart,  and  carry  tbe  blood  over  every  part 
iif  tile  body ;  the  large  lulies  being  divided  into 
mailer  and  smaller  ones,  until  they  are  so  small 
--  to  be  incapable  of  being  seen.  The  minute 
xtremilies  of  arteries  are  united  to  the  minute 
Airemities  of  other  vessels,  called  veins,  and  these 
kOTiniog  larger  and  larger,  at  last  form  very  large 
:i]bes,  which  bring  the  blood  back  again  to  the 
liart,  from  whence  it  set  out,  to  repeat  the  same 
iTOcew  of  circulation-  Now,  the  blood  is  tlie  par- 
ticular fluid  from  which  every  part  ofliie  body  is 
himed,  however  different  may  be  its  texture, 
uUr^  and  appearance. 


But  do  you  really  mean  to  say,  that  our  skin, 
1)  aiid  bones,  are  alt  formed  of  blood  ? 


Hot  exacdy  of  blooil,  but  from  blood ;  for  the 
i  supplied  by  the  food  whicii  we  take  into  the 

^,  contains  the  elements  of  all  the  particular 
lances  of  which  the  iKMiy  is  composed;  and 
fiom  il»  by  means  of  a  process  called  secretion,  and 
irbich  goes  on  in  the  very  minute  vessels  of  the 
body,  tlie  particular  substances,  whatever  they  may 
be,  are  formed.  Thus  much  it  was  necessary  to 
aMicJpate^  in  order  to  keep  up  with  our  subject. 

The  Boft  jelly,  then,  which  I  mention  as  being 
tbe  rudiment  of  the  bone,  was  originally  thrown 
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out  by  minute  vessds ;  but  in  the  course  of  ti 
andaccordingtothc  wMnt^orUie  system,  the  a 
vessels  secreted   cartilage,   aud   atlerwards 
matter  itself. 

The  bony  matter  is  deposited  in  a  sort  of  u 
work;  and  hence  the  appearance  of  spaces,  when 
you  examine  bones,  wliich  are  accidentally  ex- 
posed. The  net-work  appearance  arises  from  the 
oi'i^al  configuration  of  the  material  ou  which  the 
deposit  takes  place,  and  which  consists  of  what  is 
termed  cellular  membrane,  or  a  net-work  of  a  very 
fine  membranous  substance.  Tliis,  it  is  important  to 
know,  is  universally  diffused  over  every  part  of  the 
body ;  it  not  only  separates  various  parts,  as  the 
skin  from  tlie  muscles,  and  the  muscles  from  each 
other,  but  there  is  no  minute  subdivision  of  a 
muscle,  which  does  not  exhibit  cellular  membrane 
between  its  fibres.  By  tliis  sort  of  configuratioti, 
connection  takes  place  between  the  most  dtstsat 
parts  of  the  body ;  and  hence  the  practice  among 
butchers,  of  giving  a  plump  appearance  to  meat* 
particularly  veal,  by  distending  this  particular  sub- 
stance with  air ;  which  is  often  done,  likewise,  to 
facilitate  the  separation  of  tlie  skin.  The  cellnlar 
membrane  assumes  various  appearances  and  modt- 
iications,  and  forms  the  frame-work,  as  it  ivere,  of 
all  tlie  various  structures  of  the  human  bodjr. 
This,  tlierefore,  is  tlie  frame-work,  of  the  bones, 
and  with  it  is  always  contained  a  portion  of  animal 


OF   THE   BONES.  119 

jelly,  both  which  boiling  will  dislodge,  and  thus  the 
taihy  matter  be  led  untouched.  On  die  other 
band,  the  action  of  acids  will  remove  the  earth  of 
boae,  and  leave  the  membranous  and  gelatinous 
puts  behind. 

CHARLES. 

Hiere  must  obviously  be  a  great  deal  ofeoluble 
■natter  m  bones,  not  only  from  the  effects  which 
boiUi^  has  in  extracting  a  large  quantity  of  nutri- 
nieit  from  such  substances,  particularly  when  high 
cempenUure  is  employed,  but  from  many  animals 
being  able  to  procure  from  them  so  much  of  their 
subsistence.  But  do  die  proportions  between  the 
subatances  of  which  bone  consists  vary  at  diftereut 
periods? 

DB.  A. 

Tlie  younger  the  person  is,  the  greater  is  the 
quantity  of  jelly ;  and  in  old  people  there  is  a  much 
larf^r  projiortion  of  ossiiic  matter,  atul,  as  it  wer^ 
much  less  succulence  of  structure  dian  in  the 
jaaag.  Some  animals  have  tlieir  bones  composed 
colir^y  of  cartilage,  as  the  shark,  skate,  sturgeon, 
ind  lU  those  fishes  which  are  called  cartilaginous ;  * 
while  the  bones  of  other  fish,  of  reptiles,  and  of 
serpents,  are  more  Uiau  usually  flexible^  from  the 
great  quantity  of  gelatinous,  and  the  small  qunn- 
titjr of  solid  matter  which  they  contain. 

Every  bone  has  a  thin  covering  belonging  to  it, 
wbicli  adheres  closely,  and  is  called  the  periosteum, 
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or  substance  lying  upon  the  bone.     Within  I 
covering,  the  substance  forming  the  future  boa 
lies,  wbatever  its  shape  may  be ;  whether  round,  a 
bones  generally  are,  or  flat,  as  are  tliose  of  the  hei 
and  some  other  parts  of  the  body. 

The  vessels  which  circulate  the  blood  in  t 
jelly  or  cartilage,  are,  as  I  have  mentioned,   th 
means  by  wliicli  the  bone  is  secreted ;   and  ( 
operation  goes  on  in  dJfTerent  parts  of  the  bone,  i 
the  Bame  time.     The  body  of  the  bone  has  t 
process  going  on  separately  from  its  ends  or  head) 
and  it  is  thus  wisely  determined,  because  the  bo^ 
of  the  bone  is  required  to  take  up  as  little  room  a 
possible,  in  order  that  there  may  be  space  left  u 
it,  for  the  solid  masses  of  muscle  by  which  it  is  to  fa 
covered.  The  extremities  of  each  bone  are  require 
to  be  larger,  for  tlie  purpose  of  their  being  mol 
conveniently  joined  to  each  other ;  and  they  do  n 
require  the  same  consolidation  as  the  centres,  b 
cause  it  is  clear  that  any  mass  of  muscle  wouli 
interfere  with  the  motion  of  a  joint.     We  shd 
afterwards  find  that  nature  has  provided  for  t 
point. 

HAIIRIET. 

You  have  thus  shown  us  how  bone  is  formed 
but  the   jelly,   and    subsequently   the    cartilaj 
which  precede  the  deposit  of  the  bone,  must  h 
formed   &   solid   mass,  and   bones   have   asaal 
cavities  in  them. 
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DR.    A. 

t' The  original  mass  of  cartilage,  and  ofjelly  winch 
preceded  it,  were  unquestionably  solid,  that  k, 
withoat  cavity,  and  were  equally  diffused  in  the 
meshes  of  the  network,  or  cellular  membrane, 
nhich  I  Imve  noticed;  but  the  bony  matter  is 
lieposited  in  such  a  manner  in  the  large  bones,  as 
10  leave  a  cavity,  which  still  contains  the  original 
network,  into  which  a  fatty  substance  is  thrown, 
nliich  is  distinguished  by  the  name  of  marrow. 
^imeaaimQls,  it  must  however  be  observed,  have 
111  cavities  in  the  centre  of  their  bones,  such  as  the 
'hale  tribe,  skate,  and  turtles. 

The  formation  of  cylindrical  bones  takes  place 
<<  u  to  give  tliem  as  much  strength  as  possible  in 
il>e  EinaU&t  space.  If  they  were  entirely  solid, 
ill^  would  be  unnecessarily  heavy ;  and  if  the 
BiateriBls  were  brought  into  smaller  bulk,  they 
«<mld  be  weaker,  because  the  strength  of  a  bone  is 
Ji  proportion  to  the  distance  at  which  its  fibres 
.c  from  its  centre. 

The  ends  of  the  bones  are  ftwmed  distinctly  from 
tbe  bodies,  and  are  separated  by  a  sort  of  gristle ; 
btft  in  a^lult  age,  the  union  between  their  parts 
becomes  complete. 

In  fLit  bones,  as  those  of  the  head,  iliere  is, 
instead  of  a  cavity,  a  sort  of  loose  space,  or  lattice 
worit,  called  dipiiJe,  or  meditullium,  answering  to 
die  CAvity  of  cylindrical  bones. 
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CHAKLES. 

When  a  limb  is  broken,  there  is,  I  suppose, 
similar  process  begun  and  carried  on,  to  that  whii 
occurs  in  the  formation  of  bone  originally. 

DR.    A. 

Very  much  so.  The  wounded  vessels  pour  o 
a  sol)  material,  which,  in  time,  has  bony  matti 
deposited  in  it,  to  supply  the  injury;  but  there 
generally  some  irregularity  of  surface  in  the  pn 
duced  part,  because  the  repair  does  not  take  pl&< 
in  a  way  equal  to  the  original  fabric  The  i 
bone  is  called  callus,  and  it  has  do  cavi^  form* 
in  it,  as  in  the  old. 

SOPHIA, 

I  have  heard  sometimes  of  people's  legs  or  an 
not  uniting  after  being  broken.  How  does  t!l 
happen  ? 

DR.    A. 

There  is,  in  such  cases,  a  defect  in  the  power  i 
secreting  bone,  generally  from  some  want  of  eneri 
in  the  constitution,  as  it  happens  sometimes  in  o 
people ;  but  there  is  likewise  a  disease  In  childre 
rickets,  in  which  there  is  less  power,  in  the  coi 
stilution,  of  producing  ossific  matter.  In  son 
persons,  without  apparent  disease,  there  is  a  coi 
stitutional  tendency  of  this  kind,  which  I  have  see: 
in  some  instances,  to  a  remarkable  extent  —  Em 
there  is  sometimes  a  deficiency  in  the  power  i 
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secreting  bone,  there  is  sometimes  an  excess ;  and 
it  is  a  curious  circumstance)  that  there  is  no  vessel 
in  the  body  which  may  not,  some  time  or  otiier, 
produce  bone.  The  deposit  of  bony  matter,  in 
ihU  case,  frequently  takes  place  on  the  conts 
nf  arteries  themselves  j  and,  in  many  instances, 
particularly  when  such  a  circumstance  occurs  in 
»essels  near  the  heart,  is  productive  of  serious 
■Smptoms. 

CHAHLES. 

1  Hijqxtse  the  marrow  is  intended  to  transude 
ifanqgh  tbe  substance  of  the  bone,  and  keep  it  soft. 
DH.   A.  , 

This  was  an  old,  but  a  very  incorrect  idea ;  for 
lie  vesicles  in  which  the  marrow  is  contained,  will 
iinl,  in  their  natural  state,  admit  of  any  trans- 
udation. The  marrow  seems  to  have  little  more 
ose  than  that  of  filling  up,  by  a  light  substance, 
ipaces,  which  it  was  important  should  not  be  filletl 
with  more  solid  matter.  But  it  is  to  be  observed, 
(hat  it  is  not  every  animal  which  has  marrow  in  its 
bones.  In  birds,  the  hones  are  almost  all  of  them 
boUow,  as  you  may  see  in  giblets,  but  empty ;  that 
is,  ihey  are  full  of  air,  which  enters  them  from  the 
hmgs,  and  thus  adds  to  their  buoyancy. 

HABRtET. 

There  are  two  points  relative  to  bones,  which  I 
einnot  understand  perfectly.     I  see  how  the  found- 


!«♦ 


OF    THE    BONES. 


atidn  of  a  bone  is  laid,  and  how  the  bony  n 
deposited ;  by  whicli  means  it  may  be  readilj 
stood  how  a  bone  is  formed  of  a  certain  size :  but 
these  bones  increase,  and  I  do  not  see  what  pro- 
vision is  made  for  this  circumstance,  since  one  can 
hardly  conceive  any  thing  like  a  process  of  stretch- 
ing a  bone,  and  at  the  same  time  adding  to  its  bulk. 
The  other  point  is,  that,  if  tlie  cartilaginous  matt 
is  deposited  on  tlie  gelatinous,  and  the  bony  i 
the  cartilaginous,  bones  ought  to  consist  of  a 
lure  of  all  three  substances ;  whereas  in  full  gro  J 
bones,  the  whole  is  exceedingly  solid,  and  exhiU 
little  or  notliing  of  eitlier  of  tlie  two  first  material 


These  are  very  natural  observations  ;  and  ir 
plaining  the  diiRculties  which  you  mention,  I  &fa|l 
have  an  opportuni^'  of  nodciog  a  very  beautij 
and  important  process  in  the  animal  economy. 

I  have  already  stated  to  you  generally,  that  tl 
body  is  supported  by  circulating  vessels,  whiQ 
carry  blood  over  every  part  of  the  body,  and  b 
it  back  to  the  heart.     Together  with  btood-ve 
there  are  also  vessels  which  are  termed  absor&enH 
fi-om  their  powers  of  absorbing,  or  taking  up ; 
by  means  of  their  action,  a  continual  removal  i 
parts  takes  place,  which  have  been  formed  by  t 
operations  of  the  circulating  and  secreting  system 
These  absorbent  vessels  arise  in  every  part  of  t 
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bod;;  and  by  the  operation  whicfa  they  exercise  on 
•he  one  band,  owing  to  which  the  raost  solid  parts 
'^  continually  taken  up,  and  by  the  agency  uf  the 
,  reting  vessels  on  die  other,  which  are  continually 
'iiipositing  from  the  blood,  and  more  remotely  from 
food  taken  into  the  body,  the  suhstances  of  which 
the  ¥arious  organs  consist,  there  is  a  continual  pro- 
cess, uninterruptedly  going  on,  of  renovation  and 
change  of  parts;  by  meonti  of  which  nature  not  only 
provides  tat  the  proper  materials  of  animal  struc- 
ture, bat  for  tlieir  being  kept  in  a  state  of  health 
and  rigour. 

To  apply  these  remarks  to  your  first  observation; 
ibe  soft  jelly,  which  formed  the  rudiment  of  the 
bones,  is  in  time  taken  up  by  the  absorbents,  and  is 
mcceeded  by  cartilage,  which,  in  its  turn,  is  re- 
moved, und  bone  deposited :  but  though  I  mention 
the  changes  from  jelly  lo  cartilage,  and  from  carti- 
lage to  bone,  as  gradual,  yet  it  is  to  be  remarked, 
ibat  there  is  do  period  at  which  the  absorbents  are 
OM  ai  work,  and  removing  the  old  materials,  while 
the  secreting  vessels  are  renewing  them,  go  as  to 
■eep  tbe  whole  machine  in  continual  order.  Nature 
thus  in  constant  activity,  and  in  constant  change. 


TUs  U  really  very  wonderful ;  but  does  it  not 

■era  to  be  rather  an  umiecessary  process,  to  build 

npi  as  it  were,  for  the  mere  purpose  of  pulling 
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down;  just  as  if  an  architect,  after  finishing 
building,  should  set  to  work,  curiously  to  remove 
atone  after  stone,  with  no  other  apparent  view,  than 
to  supply,  with  the  same  material,  the  part  which 
may  have  been  removed  ? 


The  works  of  the  architect,  owing  to  the  perish- 
able nature  of  his  materials,  are  liable  to  be  con- 
tinually aSected  by  weather,  and  all  kinds  of  ac- 
cidents Irofn  without.  He  Is  therefore  under  the 
necessity  of  frequently  going  into  a  system  of  r^ti- 
lar  repair,  by  renewing  what  is  defective,  strength- 
ening what  is  wcakj  and  taking  down,  in  order  to 
build  up  with  additioual  firmness.  But  with  nature, 
the  operation  of  consolidation  and  repair  are  si- 
multaneous !  for  the  process  of  renewal  goes  on  so 
nicely  in  the  most  inward  recesses  of  the  body,  as 
to  leave  no  part  without  a  continual  circulation  of 
new  matter,  and  therefore  of  renovated  strength 
and  vigour,  as  long  as  the  period  of  vigour  is  in- 
tended to  continue.  Absorption  likewise  prowdes 
for  the  growth  of  the  body;  for  if  nourishment 
merely  furnished  support,  parts  could  acquire  no 
additional  magnitude,  but  would  remain  of  the  same 
size  that  tliey  had  originally.  As  absorption  and 
nourishment,  however,  go  on  together,  there  is  a 
continual  means  of  increase  afforded,  while  the  a 
cessity  of  increase  continues;  and  this  process  put 
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i  infinite  distance,  every  thiiig  of  human  invention 
rpower.  If  Ml  architect  wislies  to  enlarge  arooni 
or  a  house,  he  must  make  an  actual  augmentation 
of  feet  or  inches  to  tlie  work  already  existing;  if  a 
macJiine  is  to  be  increased  in  size,  its  various  parts 
most  be  taken  to  pieces,  augmented,  and  strength- 
ened, before  it  can  be  fitted  for  the  additional  work 
vrbicb  it  is  intended  to  perform.  Tlie  operation  in 
the  mean  time  is  stopped :  but  in  the  works  of  na- 
ture, there  is  no  cessation,  no  period  of  halting,  or 
shotting  up  for  repair;  every  process  is  simultaneous, 
iud  thus  are  not  only  nourishment  and  growth 
provided  for,  but  also  the  removal  of  every  thing 
wbich  may  be  injurious  or  inconvenient. 

HARRIET. 

The  process  is  most  beautiful,  and  it  is  difficult 
to  conceive  any  thing  in  contrivance  so  exquisite ; 
snd  yet  how  little  do  we  dream  of  such  a  conlinual 
series  of  interesting  operations  going  on  in  the  body. 


I 


Such  is  die  (act;  and  tlie  same  beauty,  the  i^anie 
idftptation,  the  same  general  harmony  of  usefulness, 
is  tnnnifestfd  over  the  whole  animal  creation. 

Before  we  take  leave  of  the  bones,  I  would  just 
remark,  that  there  is  a  certain  analogy  of  structure 
jnoog  all  animals  which  have  vcrtebrie,  and 
iherdbre  a  skeleton;  but,  in  some  animals,  the 
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^H,    bony  structure  is  oa  the  outside  of  the  body,  as  ii 
^"       all  tbe  testaceous  tribes,   which  are  enclosed  u 

one  or  more  shells;  as  the  oyster,  snail,  wlielk,  &c. 

&nd  also  in  the  Crustacea,  which  comprise  tlie  crab» 

lobster,  shrimp,  Slc. 

SOPHIA. 

But  can  the  bony  covering,  under  such  circuni- 
stances,  answer  the  purpose  of  an  origin  and  inser* 
tion  to  the  muscles  ? 

nn.  A. 

In  some  of  the  testaceous  animals,  as  the  oystei 
muscle,  cockle,  &c.,  there  are  muscles  by  which  the 
animal  opens  and  shuts  its  shells,  or  rather  shuts 
them,  for  the  opening  takes  place  by  means  of  ai 
elastic  Ugament,  on  the  power  being  suspended  Irf 
which  they  are  shut.  Others  of  the  testacea  widi 
one  sbeli,  the  univalves,  such  as  snaib,  for  examplq 
have  muscles  so  connected  with  (heir  shells,  as  ti 
give  the  animal  the  power  of  thrusting  out  its  body 
from  the  shell,  and  drawing  it  in  again. 

In  all  such  cases,  the  principal  part  of  the  □ 
cular  structure  exists  independently  of  the  shdl) 
which  is  to  be  principally  viewed  as  a  defence  ti 
the  animal-     So  it  is  likewise  with  the  crustace 
tribe;  and,  in  both  them  and  the  testaceous,  tbei 
is  a  power  of  renewal  in  case  of  injury,  which,  i 
the  former,  not  only  goes  to  the  shell,  but  likewise 
to  the  limb  itself. 
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SOPHIA. 

What,  liave  such  animals  the  power  of  regain- 
b^  their  limbs  if  lost? 

DR.    A. 

Many  of  them  certainly  have :  and  lobsters  and 
crabs  ore  sometimes,  after  thunder  storms,  found 
to  be  entirely  without  their  claws,  which  require 
some  time  for  reproduction.  The  jar  commu- 
nicated to  the  water,  and  perhaps  terror  on  the 
part  oTthcanimil,  have  the  singular  effect  of  making 
these  creatures  throw  off  their  claws,  A  great 
gun  fired  by  a  ship  of  war  will  likewise  do  the  same ; 
and  hence  a  threat  of  this  kind  will  often  bring 
on  imposing  fisherman  to  reasonable  terms.  The 
eflbtl  seems  to  be  voluntary,  for  some  of  the 
younger  of  these  animals  will  drop  their  claws,  on 
aa  anempt  to  take  them,  without  actual  contact. 
The  limb  is  forced  off,  as  Dr.  MaccuUoch  has 
shewn,  during  violent  extension,  by  means  of  a 
curious  mechanical  structure,  with  a  loud  crack.  — 
In  both  the  testaceous  and  crustaceous  animals, 
iW  msels  of  the  surface  have  the  power  of 
I' rowing  out,  or  secreting,  the  matter  of  tlie  shell. 
'  Vibe  nnd  lobsters  lose  their  shells  annually,  and 
-<xk  retirement  till  the  new  shell  is  sufficiently  con- 
olidated;  as  they  are  aware  of  their  defenceless 
't.-ite  at  such  times.  The  shell  is  originally  soit 
."d  membranous,  and  gradually  obtains  its  proper 
^lickness  and  solidity. 

G    5 
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I  MENTIONED  to  you,  that  aD  iiuporlant  use  oft 
bones,  is  to  afford  a  place  of  insertion  for  the  ID 
cles.  These  are  the  organs  wliich  are  conc^ 
in  motion ;  and  tliey  make  up  a  very  congidefl 
part  of  the  mass  of  tlie  body,  particularly  of) 
extremities.  They  are  composed  of  bundl«| 
fleshy  fibres,  bound  together,  and  consistit^ 
smaller  and  smaller  bundles  of  fibres,  connel 
by  cellular  membrane,  and  separable  into  fibrel 
far  as  they  are  capable  of  being  divided,  or  of  b| 
perceived,  either  by  the  naked  eye,  or  by  gla| 
This  fibre  has  been  thought,  by  some,  to  be  cj 
drical,  and  to  envelope  a  portion  of  pulp;  lijl 
the  nice  microscopical  observations  of  Baueq 
(luce  Sir  Everard  Home  to  suggest,  that  the  j 
male  fibre  may  be  tbrmed  of  a  chain  ofglobuW 
the  blood,  (which  I  shall  have  occasion  afterwi 
to  mention  to  you,)  cohering  together  by  an  att) 
tion  between  them,  which  takes  place  only  n^ 
they  are  deprived  of  colour. —  Microscopic  obi 
vations  have  likewise  discovered  a  globular  stt 
ture  in  the  cellular  texture  of  the  body.  I 
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SOPHIA. 

I  recollect  the  surprise  which  I  felt,  in  our  first 
conversation,  at  being  informed  by  you  that  nil  the 
flesh  of  the  animal  body  consists  of  muscle :  but  in 
what  way  are  the  different  actions  produced  by 
aimcles;  for  Sesh,  whenever  I  have  happened  to 
«e  it,  (though  I  must  own  I  have  not  very  atten- 
thely  observed  it,}  seems  to  consist  entirely  of  one 
nuts  of  uniform  material  ? 


If,  however,  you  should  remark  more  particu- 
larly than  you  have  yet  done,  some  of  the  joints 
which  come  to  table,  especially  the  round  of  beef, 
you  wi!l  see  that  tliere  are  different  divisions,  hav- 
ing different  appearances,  and,  with  gourmands, 
varied  degrees  of  excellence.  Tliese  are  different 
.  of  the  animal,  with  the  fibres  cut  trans- 
cly,  which  are  prolonged  to  the  particular 
Is  which  they  are  intended  to  move.  —  The  action 
i^  muscle  consists  in  its  shortening  it&elF,  and  thus 
ing  the  parts  to  which  it  is  attached  nearer  to 
b  other.  This  is  called  its  state  of  contraction ; 
ll  when  it  resumes  its  original  state,  it  is  said  to 
fia  a  litate  of  relaxation. 

SOPHIA. 

■  In  shortening  itself,  a  muscle,  I  suppose,  swells 
^  in  the  middle. 
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DR.  A. 

It  swells  up  in  the  middle,  and  becomes  rigid 
over  its  whole  extent;  but  it  does  not  occupy  moro 
space  ill  the  whole  than  it  did  before.  If  yoiij 
bend  your  arm  firmly,  you  will  find  a  large  and 
rigid  muscle,  occupying  the  front  of  the  arm- 
nearly  to  the  bend  of  the  elbow ;  and  if  you  shut 
the  jaws  forcibly,  you  will  feel  a  rigid  coDtraction 
extending  forwards  from  the  angle  of  the  jaw.  In 
the  one  case,  the  biceps  or  liender  of  the  fore-arm 
is  felt;  in  the  other,  the  masseter,  or  principal 
muscle  employed  in  mastication. 

CHARLES.  

One  can  feel  these  actions  very  distinctly;  btft 
I  observe  that  the  lower  part  of  the  muscle  of  the 
arm,  which  you  have  just  mentioned,  terminates  in 
a  hard  sort  of  cord,  which  may  be  felt  extending 
itself  to  the  upper  part  of  the  fore-arm. 

DR.  A. 

This  is  called  a  tendon,  or  sinew ;  and  it  is  fixed* 
to  the  part  to  which  you  can  trace  it  in  the  foror 
arm.     On  the  other  hand,  the  upper  part  of  the 
muscle  is  traceable  to  another  tendon,  or  ratbi 
two  tendons,  which  are  implanted  at  theshoulde 
and  give  the  term  of  biceps,  or  double-headed,  I 
this  particular  muscle. 

CHARLES. 

It  is  clear  that,  considering  the  position  of  the; 
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muscles,  a  shortening  of  the  biceps  will  bend  the 
elbow  Joint,  and  a  shortening  of  the  masseter  will 
iliut  the  JBw ;  and  I  should  think,  by  knowing  the 
origin  and  insertion  of  muscles,  that  it  will  always 
be  easy  to  determine  their  use. 


!u  a  very  considerable  degree. 

HARRIET. 

I  wish  you  could  give  us  some  little  mechanical 
liiusCndon  of  the  action  which  you  describe.  I  am 
nui  quite  certain  that  I  altogether  understand  it 


I  diink  I  shall  be  able  to  make  it  mtelligible  by 
means  of  a  common  two-foot  rule,  having  a  joint 
io  tlie  middle.  If  you  suppose  a  rule  of  this  kind 
u  indicate  the  arm,  forc-orm,  and  elbow,  and  I 
£s  B  piece  of  cord  (at  b)  about  two  inches  from 
the  point  (a),  and  bring  it  by  the  hand  to  a  position 
i'l,  which  we  may  suppose  the  Khoulder,  then  it  is 
.  '■•■nr  that,  if  I  draw  the  cord,  I  shall  double  up  the 
i:le,  either  wholly  or  in  part,  and  thus  imitate  the 
tlion  of  bending  the  arm  at  the  elbow.  The 
rd  here  acts  the  part  of  a  muscle ;  and  must  be 
irawu,  just  as  much,  in  order  to  produce  the 
dfectof  bending  the  joint,  as  the  muscle  must  be 
shortened  or  cunlracted,  in  tlie  bending  action  of 
the  arm. 


CHARLES. 

It  is  exactly  as  you  state ;  but  yet  with  what  a 
very  little  power  the  muscle  thus  circumstanced  will 
act,  when  it  is  fixed  so  near  the  centre  of  motion. 
One  would  imagine  that  it  was  always  an  object 
with  nature,  to  make  the  most  of  power ;  and  to 
adopt  the  plan  by  which  the  greatest  power  would 
be  most  easily  exercised. 


You  are  quite  right  in  your  conclusion,  that  there 
is  a  considerable  loss  of  power  by  such  a  distribu- 
tion of  muscle  as  tliat  which  I  have  now  noticed; 
and  in  works  of  human  invention,  the  artist  would 
aim  at  applying  the  power,  at  the  greatest  possible 
distance  from  the  fulcrum,  or  centre  of  motion,  In 
order  to  increase  the  effect.  But  tlien  you  mastj 
remark,  ihat  nature  not  only  keeps  in  view  thJ 
end  required  in  her  operations,  but  the  most  con-' 
venient  method  of  arriving  at  it.  Symmetiy  of 
form,  the  not  taking  up  unnecessary  room,  facility 
of  executing  movements,  all  require  that  the  parts 
concerned    in  rootion  should  be   as  compact 
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possible ;  aad  though  there  is  necessarily  a  loss  of 
cnechaiiica!  power,  in  combining  these  ailvantages, 
jet  nature  has  given  to  every  muscle,  power  sufiU 
dent  to  execute  what  is  reqitiied  of  it,  independently 
of  the  loss  which  is  thus  sustained.  If,  instead  of 
fixing  the  cord  at  two  indies  from  the  joint  of  the 
rule,  we  fix  it  at  the  extremity  (c),  it  is  clear  that 
we  shall  act  witli  greater  power  in  bending  the  joint; 
but  then,  if  we  consiiler  the  cord  as  a  muscle,  there 
would  have  been  a  structure  more  like  a  large  web, 
than  a  compact  muscle,  had  nature  aimed  at  em- 
ploying the  utmost  extent  of  mechanical  power  in 
her  muscular  operations.  This  is  obvious  on  short- 
ening the  curds  (s  d  and  c  o)  to  such  an  extent, 
for  example,  as  to  double  the  joint  (at  a}  in  the  way 
thst  you  now  see  it ;  for,  in  this  case,  the  whole 
^Mce  (a  c  n)  between  the  two  bones  which  the  rule 
b  intended  to  represent,  will  be  filled  by  muscle, 
instead  of  merely  a  small  part  (a  u  n). 

It  would  likewise  happen,  that  if  the  muscle  were 
inserted  ai,  or  near  the  extremity  (c)  of  the  rule, 
not  only  must  the  quantity  of  muscle  be  larger,  to 
produce  the  same  quantity  of  effect,  but  the  mus- 
cular contraction  must  be  much  greater  than  if  it 
were  inserted  (at  b)  nearer  the  centre  of  motion. 
Thus  the  length  of  die  cord  (b  d)  would  be  longer 
in  the  expanded  rule  than  in  the  doubled  one,  by 

!  length  of  the  superfluous  portion  (d  e)  ;  but 
1,  if  the  insertion  were  at  or  near  the  extremity 
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(c),  it  is  cleai'  that  the  line  (d  f)  which  rtinuiiis 
after  the  same  degreeof  contraction  is  produced 
as  in  the  former  case,  would  not  oniy  be  muchi 
greater  in  itself,  but  would  be  much  greater  iq 
proportion  to  the  respective  length  of  the  mubcle 
than  if  the  insertion  had  been  at  b.  For  instancy 
a  contraction  equal  to  d  e,  or  about  one  6flh  c 
the  supposed  original  muscle  (b  d),  will  produce 
the  some  eSecl  as  a  contraction  equal  to  D  f,  or  twQ 
thirds  of  the  supposed  origmal  muscle  (c  i>). 


Natuie,  therefore,  produces  the  same  effect  with  I 
a  smaller  portion  of  muscle,  and  a  smaller  portion  I 
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of  ciuscuJar  contraction,  than  would  otherwise  be 
necessary ;  though  more  power  is  required  to  com- 
peoiiMe  for  the  disadvantage  under  which  it  acts. 
Dm  perhaps  you  will  poiut  out  to  us,  Charles,  the 
precise  difiereiice  of  |x»wer  necessary  when  a  muscle 
■inanear,  or  at  a  distance  from,  the  centre  of  motion. 


CHARLES. 

If  Uie  centre  of  motion  is  at  A,  the  power  at  b, 
'i  inches  from  it,  and  the  weight  5lbs.  at  r,  at  a 
Ji'iance  of  12  inches  from  the  centre  of  motion 
(uiing  the  proportions  of  your  rule  as  a  diagram), 
ili'Tl  llie  power  necessary  at  B,  to  raise  the  weigllt 
SI  I',  is  to  ilie  weight,  as  the  distance  (a  c)  of  tho 
"eight  from  tlie  fulcrum,  Is  to  the  distance  (a  b)  of 
die  power  from  the  fulcrum.  The  power  at  u 
mtut  therefore  be  as  the  weight  5\bs.  multiplied 
lij  the  distance  from  the  weight  to  the  fulcrum,  or 
ISinches,  which  gives  60,  to  the  weight  multiplied 
bi  the  distance  from  the  power  to  the  fulcrum,  or 
'.in.  by  2  inches,  which  gives  10;  so  that  six  times 
liie  power  is  necessary,  when  placed  at  B,  to  raise 
the  weight  at  c,  to  what  it  would  be  If  placed  at  c. 
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HARRIET. 

Tiien,  in  fact,  the  power  necessary  is  greatert  j 
the  nearer  it  Is  to  the  centre  of  motion  j  and  It  1 
would  diminish,  just  in  the  propoition  that  the 
distance  from  the  centre  of  motion  increases. 

CHARLES. 

Certainly ;  and  there  is  another  mode  of  exem- 
plifying the  same  thing.  If,  with  the  same  letters, 
you  suppose  a'power  to  act  at  B,  then  the  same 
quantity  of  contraction  which  will  bring  b  to  e, 
will,  in  the  same  time,  bring  c  to  d  ;  but  the  ve- 
locity must  be  as  much  greater  as  the  distance 
A  c  is,  compared  with  a  b  ;  or  as  the  space  passed 
through,  c  D,  is  to  the  smaller  space  B  E.  The 
space  passed  through,  in  a  similar  time,  is  therefore 
a  measure  of  the  velocity,  and  this  of  the  power 
exercised  to  produce  the  effect. 


SOPHIA. 

It  appears  obvious,   therefore,   that   it   is  the 
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^*to  give  an  extraordinary  degree  of  power  for  the 
purpose  of  eflecling  them,  rntlier  than  to  Iiusband 
power,  and  take  a  longer  time  in  producing  the 
effect  required. 

DR.  A. 

This  is,  doubdess,  the  cose;  and  there  is  no 
qaestion,  as  Archdeacon  Paley  very  properly  ob- 
serves, diat,  in  what  concerns  tlic  human  Irady,  it 
is  of  much  more  consequence  to  any  man  to  be 
^e  to  curry  his  liand  to  his  head  with  due  expe- 
^OoOf  than  it  would  be,  to  have  tlie  power  of 
nisiDg  from  the  ground  a  heavier  load,  of  two  or 
dirce  more  hundred  woight,  for  example,  than  he 
can  hft  at  present.  This  last  is  a  faculiy  which, 
on  some  extraordinary  occasions,  he  may  desire  to 
possess;  but  the  other  is  what  he  requires,  and 
DseB,  every  hour  or  minute. 

CHARLES. 

But  is  there  not  likewise  a  great  loss  of  power 
in  muscles,  by  iheir  being  inserted  into  bones  at 
very  small,  and  therefore  unfavourable  angles  ? 

OR.    A. 

This   is   a  circumstance  which   operates   very 
strongly  in  every  muscle,  though  much  mor 
wnie  than  others. 

SOPHIA. 

I  wish,  Charles,  you  would  explain  this 
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I  am  often  puzzled  in  the  ap))lication  of  reasoiiin 
about  the  tnagnituile  of  angles. 

CHARLES, 

If  you  wish  to  act  with  the  greatest  power,  i 
raising  or  pulling  any  thing,  you  employ  youz 
force  in  n  strait  line  from  the  object,  that  is  at  rt^Kl 
angles  to  it,  as  in  raisicig  one  end,  B,  of  the  bv 
A  B,  where  the  force  exercised  at  B,  in  the  diree> 
tion  B  c,  is  evidently  employed  at  a  right  an^ei 
Now,  if  you  alter  the  direction  of  the  force  eati 
ployed,  progressively,  to  d  b,  e  b,  and  f  b,  yod 
will  tind  that  the  force  required  on  your  parC 
is  continually  augmenting,  just  as  the  angles  hba, 
B  B  A,  and  If  b  a,  are  diminishing;  and  at  last, 
if  you  act  in  a  straight  line  from  a  to  B,  you  will 
produce  no  elevation  in  the  end  B  at  all. 
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SOPHIA. 

[  now  see  clearly,  tliat  at  a  very  small  angle, 
e  would  be  a  great  difficalty  in  accomplisliing 


of  course,  there  is  a  greater  allutmeiit  «■ 
r,  for  the  purpose  of  overcoming  tlie  difii- 
«il^.  But  in  order  to  place  before  you,  very 
distioctlv,  the  great  additional  force  which  is  thus 
reqiiire)],  I  shall  mention  tlie  calculations  made  by 
""  ler,  one  of  the  most  distinguished  physiologists 
ever  existed,  of  the  force  required  to  be  ex- 
by  the  deltoid  muscle  of  the  arm,  in  order  to 
of  60  pounds  at  the  elbow,  reckon- 
ing llint  the  arm  weighs  5  pounds  of  this. 

.  CH  ABIES. 

m  h  Uiis  muscle  so  called,  from  its  resemblance  lo 
k  Greek  letter  delta? 


K^c 


OR.  A. 

It  rises  above  the  shoulder,  and  is  implanted  at 
llie  fore  part  of  the  arm,  at  an  angle  of  1 0  degrees, 
»  about  one  third  of  the  distance  between  (lie 
»l)Oulder  and  the  elbow.  As  its  origin  is  broad, 
iod  it  is  contracted  at  its  insertion,  it  was  thought 
to  reM:mb1e  the  letter  delta  (A),  though  reversed, 
Vmi  have  seen  that  the  force  required  to  raise 
X  we^ht,  by  the  previous  explanation,  was  in  the 
proportion  of  the  distance  which  tlie  weigiit  from 
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the  fulcriira,  bears  to  that  of  the  power  from  the 
fulcrum. 

HARRIET. 

Yes,  when  the  weight  was  5  lbs.  and  the  ] 
portions  ns  12  to  2,  or  6  times,  then  the  difference 
of  power  exercised  was  6  limes  greater,  or  a! 
near  llie  fulcrum ;  whereas  it   would   have  1 
only  10,  had  it  been  applied  at  the  place  of  the 
weight. 

DR.    A. 

Take  therefore  the  insertion  of  the  deltcnd 
muscle  at  one  third  of  the  distance  between  tin 
shoulder  and  the  elbow,  tlie  force  exercised  ther^ 
is  three  times  the  amount  of  what  it  would  be,  i 
inserted  at  the  elbow. 


Certainly. 

DIt.  A. 

Three  times  60  are  180,  and  therefore  it 
clear  that  the  actual  weight,  as  far  as  the  muse 
is  concerned,  becomes  180  lbs. — But  this  is  ni 
alt,  tlie  insertion  of  the  muscle  at  an  angle  of  li 
instead  of  90  degrees,  takes  off  the  purchase  : 
the  proportion,  as  mathematicians  have  calculate 
which  173  bear  to  1000.  The  augmented  weigl 
or,  what  is  the  same  thing,  the  increase  of  pow 
necessary  to  raise  it,  amounts  therefore  to  no  less 
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1058  lbs.  instead  of  the  original  60  lbs.  —  The  low 
of  power,  however,  does  oot  end  here ;  tor  the 
tendon  of  the  muscle  is  never  directly  contiauous 
with  the  fleshy  fibres ;  and  here  then  is  a  loss  of 
power,  in  the  proportion  of  the  obliquity  of  the 
jonction  of  these  fibres  to  the  tendon.  Tliis  will 
be  clear  to  yoii,  when  you  consider,  that  if  you 
wished  to  draw  any  thing  to  you,  through  the 
medimn  of  a  bar  or  stick,  you  would  do  so  by 
means  of  a  straight,  not  a  crooked  one.  Hence, 
ID  [fie  deltoid  muscle,  there  would  be  a  fiirther 
los#  of  power  of  228  lbs.,  which  would  augment 
the  ranscular  energy  required  by  it,  to  1284  lbs. 

SOPHIA. 

^Vbat  an  immense  exertion  of  force  b  thus  de- 
manded, and  yet  we  are  not  at  all  sensible  of  any 
inconvenience  from  its  exercise.  Such  power  na- 
ture has  bestowed  on  this  part  of  our  frame. 

DR.    A. 

But,  besides  all  tlie  points  wliich  I  have  men- 
tioned, there  is  another  circumstance  which  we  are 
lo  take  into  account,  in  considering  the  action  of 
muscles ;  and  this  is,  that  action  and  re-action,  in 
mechanics,  are  equal,  and  therefore  that  as  much 
power  is  expended  in  resisting  the  bone,  which 
ailbrds  u  fixe^  point  at  one  end,  as  tliere  is  in 
elevating  the  weight  at  the  other ;  and  hence  the 
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last  amount  of  tLe  calculation,  or  1 S84  lbs.  !s  to  be 
doubled,  or  mode  2568,  in  order  to  come  to  a  coi*-_ 
rect  view  of  the  force  exercised  by  ihe  deltoid  mi 
cles  in  raising  60  lbs.  at  the  elbow. 

SOPHIA. 

[  hope  you  have  now  got  to  an  end,  for  the 
power  of  the  deltoid,  like  the  prowess  of  Sir  John 
Folstafi^  seeius  to  go  on  Increasing  at  every  step. 


1 


But  physiology  beats  him ;  for  his  two  men  in 
buckram  increased  but  to  eleven;  while  our  origi- 
nal 60  lbs.  have  grown  up  to  2568  lbs.  —  In  the 
animal  body,  there  are  various  muscles  wbitA 
combine  their  actions  for  some  particular  purj 
but  then  a  certain  degree  of  the  force  of  each  I 
lost,  because  the  operation  is  rendered  less  direct. — 
ft  likewise  frequently  happens,  that  particular 
muscles  have  their  fibres  disposed  obliquely ;  and 
this  will  readily  appear  lo  you,  from  what  I  have 
already  said,  to  be  a  saving  of  extent  of  contraction, 
by  &  larger  expenditure  of  power.  When  nature 
had  an  important  object  lo  accomplish,  loss  of 
power  does  not  appear  to  have  been  at  all  re- 
garded in  the  construction  of  our  frame ;  but 
at  the  same  time,  no  opportunity  was  lost,  to 
augment  the  mechanical  power  of  muscles,  when 
this  could  be  done  without  inconyfenience.  The 
increased  magnitude  of  the  heads  of  bones ; 
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projecting  processes  of  various  bones,  particularly 
tbose  of  the  thigh  and  heel ;  the  bones  placed  as 
■ppend^^  to  some  others,  as  the  patella,  or  knee- 
pan,  and  the  sesamoid  bones,  which  are  placed  at 
the  Gngers  and  thcimb ;  all  of  them  afford  oppor- 
ttuiiiies  for  an  increase  of  the  angle  under  which 
muscles  act,  and  therefore  for  an  augmentation  of 
their  powers.  To  this  I  may  add,  as  conducive  lo 
the  sane  object,  the  smoothness  of  the  cartilagmous 
surface  of  the  joints,  and  the  careful  provision  of  a 
plentiAil  supply  of  synovia  to  lubricate  them. 


Muscular  contraction  seems  to  be  a  thing  which 
cannot  be  imitated ;  for  while,  in  mechanical  pro- 
cesses, cords  or  chains,  when  shortened,  must  be 

'liled  u]\  or  otiierwise  disposed  of,  a  muscle  sim- 
;iiv  contracts  itself^  and  thus  produces  the  neces- 

■  ry  approximation  of  two  parts  together:    but, 

misidering  the  immense  variety  of  motions  which 
-!ie  di^rent  parts  of  our  Iwdies  are  intended  lo 
,nHbrm,  the  numbei-  of  muscles  must  be  exceed- 

fiilly  great.  Has  this  been  ascertained  with  any 
'  orrectness '/ 

DR.  A. 

There  are  more  than  500  muscles  in  the  hu- 
man body,  all  which  are  continually  subservient 
■"'  ibe  purposes  of  motion,  and  are  ready  to  carrj' 
mo  effect  our  will,  in  whatever  way  we  may  wish  to 

vou  I.  H 


I 

I 
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exercise  it.  It  would  be  foreign  to  my  obji 
to  give  you  any  account  of  the  names,  origin,  and 
uses  of  the  muscles  generally,  which  is  a  subject 
requiring  much  study  and  attention;  but  it  will  be 
satisfactory  for  you  to  be  told  of  the  number  and  i 
distribution  of  those  which  are  necessary  for  per*  j 
forming  the  motions,  for  example,  of  the  arm  and  J 
fingers ;  and  they  will  give  you  an  idea  of  the  im*  I 
mense  provision  which  the  animal  frame  possesses  1 
in  this  p»rt  of  its  economy. 

There  are  seven  muscles  which  are  principi 
employed  in  raining  the  arm  at  the  shoulder  joini 
in  different  dir^ctio^s,  and  with  different  degi 
of  obliquity :  and  five  in  depressing  it,  of  which  twd 
which  are  of  great  strength,  are  felt  at  thearmjd 
from  their  being  inserted  at  some  distance  i 
the  head  uf  the  bone,  in  order  to  increase  t 
power,  particularly  when  a  severe  blow  is  to  b 
given,  as  by  a  hammer.  These  muscles  form  tl 
flesh  round  the  shoulder  joint,  part  of  that  on  tl 
side,  back,  and  breast,  oiid  the  greater  portion  4 
what  covers  the  shoulder  blade. 

The  fore-arm  Ls  moved  by  four  muscles,  whia 
form  the  mass  of  flesh  between  the  shoulder  i 
the  elbow,  and,  being  planted  below  the  elbow  join 
are  employed  in  bending  and  extending  it. 

The  mass  of  flesh  covering  the  fore-arm  consist 
of  muscles,  which   are  employed  In  turning  t 
palm  up  or  down,  in  bending  and  extending  ( 
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wris^  and  in  bendiog  and  extending  the  fingers  and 
tban)b.  There  are  not  less  than  17  of  the§e;  and 
OD  the  hand  tliere  are  as  many  more,  which  form, 
principaJlv,  the  fleshy  part  of  the  palm.  So  that 
for  the  purpose  of  effecting  all  the  motions  of  the 
UiDf  bond,  and  fingers,  the  action  of  near  50  mus- 
des  U  necessary  ;  all  of  which  are  regular  in  their 
origin,  course,  and  insertion ;  have  all  separate 
names,  derived  principally  from  their  use;  and 
are  aU  capable  of  being  pointed  out  by  the  anato- 
mist 

HAItRIET. 

In  what  way  are  the  different  muscles  kept  dis- 
inct  GvDm  each  other,  so  as  to  be  enabled  to  act 
■  pamtely,  and  without  interference?  One  would 
■iijipose,  that,  from  their  great  number,  there 
TOuId  be  some  danger  of  this. 

DR.  A. 

Muscles  form  bundles  of  flesh,  of  greater  or 
ansUer  magnitude,  separated  from  each  other  by 
OEllular   membrane,  which  allows  them  to  move 

gdy  over  each  otlier. 

HARBIET. 

e  cellular  membrane  seems  to  be  a  substance 

rfwry  great  importance;  it  is  fojnd  every  where. 

DR.  A. 

I  have  already  mentioned  its  general  nature 
lo  you,  in  notidug  the  structure  of  the  bones;  bnt 
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B  two  or  three  other  particulars  I  may  now  point 
out.  Its  universal  difliision  I  have  stated;  for  it  is 
found,  as  well  among  the  firmest  muscles,  as  the 
finest  membranes  of  the  bodj,  as,  for  example, 
those  of  the  eye.  To  the  communication  of  its 
cells,  it  is  owing,  that  pitting  is  produced  where 
water  has  been  secreted  into  them,  as  is  the  case  in 
a  particular  description  of  dropsy.  This  arises 
from  the  fluid  being  forced  by  the  finger  into 
contiguous  cells,  from  which,  however,  it  soon 
returns,  and  fills  up  the  indentation,  or  pit. 

SOPHIA. 

Then,  I  dare  say,  it  is  owing  to  the  descenc 
of  the  water,  by  its  weight,  that  the  legs  of  dro[^ 
sical  people  swell,  when  they  have  been  up  some 
time,  luid  fall  on  thetr  assuming  the  recumbent 
posture. 

UR.  A. 

You  are  quite  right ;  and  the  use  of  a  laced 
stocking,  or  a  bandage,  will,  by  giving  support 
prevent,  to  a  certain  degree,  this  effect  from  oc- 
curring. 

There  would  be  this  disadvantage,  I  should, 
think,  attaching  to  the  general  comraunicadon  ofl 
the  cells,  that,  in  case  of  matter  forming  in  any 
particular  part,  it  would  spread  far  beyond  tbe 
place  of  its  deposition. 


I 
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Tilts  would,  unquestionably,  happen,  except  for 
a  wise  provision  of  nature,  by  which  the  same 
disorder  which  produces  the  collection  of  matter, 
namely,  inflammation,  occasions  an  adhesion,  or 
sealing  op  of  the  cells  around  the  collection  or 
abscess,  which  circumscribes  disease,  and  obviates 
the  occDirence  which  you  suggest. 

CHARLES. 

Is  lUs  adhesive  effect  of  inflammation  a  general 
one,  or  is  it  merely  adopted  in  this  particular 
instance,  for  the  purpose  of  preventing  the  dif- 
fiuion  of  matter  ? 

DR.  A. 

It  U  a  getteral  one,  and,  in  fact,  forms  the  prin- 
cipal means  which  nature  employs  to  repair  in- 
juries ;  as  is  exemplified  by  the  slightest  cut.  The 
part  first  bleeds ;  and  after  the  vessels  have  con- 
tncted,  so  as  to  resist  any  further  loss  of  blood, 
itey  throw  out  a  lymph,  which  acts  as  a  sort  of 
^ue^  and  binds  the  parts  together.  A  certain 
degree  of  inflammation  is  always  necessary  for  this 
operation,  as  you  may  know  by  the  tenderness 
which  occurs  at  the  edge  of  a  little  wound,  such  a^ 
I  now  mention. 

SOPHIA. 

1  have  often  observed  this,  and  have  sometimes 
ited  the  progress  of  healing,  by  accidentally 
H   3 


150  OP  THE    MUSCLES. 

separadng  the  edges  which  were  half  glued 
gether. 

DB.  A. 

Inflammation  is  one  of  the  most  frequent,, 
important  diseases  in  the  human  hody:  and 
nature  lias  employed  it  in  effecting  many  sattll 
operations.  So  ingenious,  and  so  simple  an 
arrangements. 

The  cellular  membrane  is  the  eubstartce 
which  fat  is  thrown,  whether  under  the  skin  i 
other  parts  of  the  body ;  and  it  has  been  suppi 
by  some  physiologists,  that  there  is  a  pi 
set  of  cells  destined  to  receive  this  secretion,  i 
much  as  it  does  not  escape,  like  water,  whe 
opening  is  made  in  any  particular  cell ;  nor 
it  pit,  on  pressure,  as  when  there  is  a  watery 
posit.  —  But  to  return  to  the  muscles.  Whea 
particular  motion  is  performed,  you  may  gena 
feel  the  muscle  producing  it,  as  a  hard  soi 
hand,  amid  a  mass  of  soil  flesh.  This  yon . 
readily  do,  iu  the  inside  of  the  arm,  when  you  b 
and  in  the  outside  of  the  arm,  when  you  en 
the  fingers. 

CHARLES. 

The  contraction  may  be  both  felt  and  seen ; 
as  I  suppose  the  same  is  the  case  in  other  j 
of  the  body,  1  should  think  that  it  would  be 
ceedingly  useful  to  the  painter  and  sculptot 


Ot    THE    MUSCLES. 


I. 


hsve  a  correct  knowl^ge  of  the  muscles,  in  order 
to  depict  their  action  wit)i  sufficient  accuracy. 


'tJiiquestJODably ;  and  hence  the  Royal  Academy 
a  professor  of  anatomy,  whose  duty  it  is  to 
teich  so  much  of  anatomy  to  the  students,  as  is 
necessary  for  the  practice  of  their  art.  Tlie  par- 
ticuiar  kind  and  degree  of  action  is  likewise  pointed 
out,  u  well  by  drawings,  as  by  the  movements  of 
muscular  persons,  who  are  directed  to  take  par- 
ticular attitudes,  and  make  particular  exertions. 

HARRIET. 

The  various  emotions  of  the  mind  produce  a 

powerful  influence  upon  the  countenance ;  and  this 

'a,  I  suppose,  through  the  medium  of  the  dtifereDt 

muscles  of  the  &ce,  whose  peculiar  positions  and 

-    Kttons,  1  should  imagine,  it  would  be  important 

fbr  the  artist  to  study, 
^^H  DR. 

^^Kertainly ;  and  as  you  and  your  sister  are  both 
^^bething  of  artists,  I  shall  show  you,  from  Mr. 
^(Jharles  Bell's  pleasing  work  on  the  Anatomy  of 
Expression  in  Painting,  a  sketch  of  the  muscles  of 
the  face,  with  his  description  of  their  names  and 
modes  of  action,  by  which  you  will  be  able  to  see 
what  varieties  of  expression  they  are  capable  ol' 
produong. 

Lin  this  drawing,  the  integuments  are  supposed  to 
H  4 
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be  removed,  and  the  muscles  separated  from  eoclu 
oUier  below  it. 

HARRIET. 

What  a  great  number  there  is  of  these  muscles, 
and  how  variously  they  seem  to  be  entangled  with 
each  other.  Have  these  muscles  particular  desig- 
nations ? 

DR.  A. 

They  have,  as  I  shall  immediately  point  out  to 
you  by  a  reference  to  the  letters  affixed  to  the 
sketch. 

The  uppermost  muscle,  a  a,  is  the  frontal; 
which  is,  in  fact,  part  of  a  larger  one,  called  the 
occipito-frontal,  that  has  a  portion  on  the  back 
of  the  head,  and  another,  the  frontal,  on  the  fore- 
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bead ;  b  B,  is  the  knitter  of  the  eyebrow  [cor- 
nigator  supercilu) ;  oiid  c  c,  the  circular  muscle 
of  die  eyelids  (orbicularis  palpebrarum). 

The  actioD  of  the  fore  and  back  part  of  the 
oGcipko-lrontal  muscle,  is  that  by  which  some 
p«)p1e  are  able  to  move  the  scalp  to  a  great  extent, 
sod  eren  to  throw  off  the  hat.  The  contraction  ol 
the  e)'ebrows  is  principally  effected  by  the  actiuii 
of  the  corrngator  snpercilii ;  and  the  shutting  uf 
the  upper  eyelid  (for  the  lower  one  does  not  take 
a  part  in  this  case]  is  by  the  action  of  the  circular 
iDuscie.  In  some  complaints,  and  in  drunkenness, 
the  eyebrows  are  unequally  elevated;  and  Hogaith 
has  made  an  adinirable  use  of  this  circumstance  in 
many  of  his  pieces,  in  depicting  the  countenance 
of  B  drunken  man. 

II,  is  termed  the  elevator  of  the  upper  lip  and 
nostril: 

c,  tlie  compressor  of  the   nostril  (compressor 

F,  the  elevator  of  the  upper  lip ; 

G,  the  ele%'ator  of  the  angle  of  the  mouth  ; 

i],  th^ygomatic  muscle,  which  assists  the  last. 

Tliese  muscles,  with  the  exception  oF  the  com- 
I  ress«>r  of  the  nose,  raise  the  month,  make  the 
(li«k  full,  and  give  an  air  of  cheerfulness. 

R  is  tlje  circular  muscle  of  the  lips ; 

L,  the  depressor  of  the  nostril ; 

H,  ilie  nasal  muscle  of  the  upper  Up; 


L 
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N,  the  triangular,  or  depressor  of  the  angle  c 
the  mouth ; 

o,  the  depressor  of  the  lower  lip ; 

p,  the  elevator  of  the  chin- 
Expression  of  countenance,  it  may  be  obserrec 
depends  very  much  on  the  eyebrows,  and  angla 
of  the  mouth,  and  on  the  various  motions  made  h 
these  parts,  by  the  muscles  which  I  hare  just  met 
tioned. 

g  is  the  buccinator,  or  blower.     It  draws  t 
angle  of  the  mouth  directly  backwards,  and  con- 
tracts the  cheeks  when  they  are  distended  with  air. 

K  is  a  thin  web  of  muscular  fibres,  called  pla- 
tysma  myoides,  or  broad  muscle,  which  covers  the 
side  of  the  neck,  and  expands  over  the  face.  The 
part  which  passes  forward  to  the  angle  of  the 
mouth  has  been  called  risorius,  or  the  muscle  of 
laughter. 

s  is  the  last  on  the  plate,  and  is  termed  the 
temporal  muscle, 

CHARLES.  ' 

The  varied  action  of  these  muscles  produi 
then,  I  suppose,  all  the  variety  of  ex^«ssio 
which  the  human  countenance  is  capable ;  an 
proportion  as  one  set  of  passions,  or  another,  prfl 
dominate  in  the  human  character,  something  of  ■ 
permanence  of  appearance  may  be  communicate 
This,  I  should  imagine,  must  be  the  only  propc 
foundation  of  physiognomy. 
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t  So  I  should  think ;  but  Lavater,  the  celebrated 
physiognomist,  in  devising  bis  system  (if  It  can  be 
called  such),  seems  to  view  the  different  features, 
as  possessing  an  original  character  from  nature, 
which    it   only   requires  attentive  observation  to 
discover. 
^   As  yon,  Harriet,  have  made  some  advancement 
Mb  the  drawing  of  figures,  you  will  find  an  advantage 
B|RBUulying,with  your  mother,  some  of  the  masterly 
delineations  of  the  passions  which  are  given  in  Mr. 
Bell's  work  ;  but  it  may  be  advantageous  and  inter- 
esting to  all  of  you,  that  1  should  now  point  out, 
by  a  reference  to  the  sketch,  some  of  the  character- 
utics  of  the  principal  passions. 

Rage  is  distinguished  by  unsteadiness  of  featurt:s; 
by  the  rolling  and  glaring  eye ;  by  the  action  of  the 
mu3clesoftheforehead,which  alternately  knits  them, 
and  raises  them  in  furrows ;  the  Inflation  of  the  nos- 
trils ;  the  swelling  and  expansion  of  the  lips ;  and, 
in  fact,  by  a  violent  and  irregular  action  of  almost 
all  the  muscles  of  the  face. 


^T 


HARRIET. 

n  bmtes  it  seems  to  be  principally  the  glare  of 
eyes,  and  the  exposure  of  the  teeth,  which  give 
appearance  of  feroci^  which  they  exhibit  in 
this  passion. 

DR.  A. 

i  This  is  the  case  very  much  with  animals  of  the 
H  6 
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dog  and  cat  kind ;  and  the  exposure  of  the  teeth 
depends  on  the  action  of  the  muscles,  called  snari- 
ing  muscles,  which  go  from  the  margin  of  the  orbit 
of  the  eye,  and  are  inserted  into  the  upper  lip 
but  the  lips  have  no  regular  circular  muscle  for 
contracting  them,  as  in  man ;  and  they  therefore 
bang  loose,  and  relaxed,  unless  when  they  are  coU' 
tracted  by  the  snarling  muscles.  Some  of  the  more 
ferocious  of  tlie  carnivorous  tribe,  as  the  lion  and 
tiger,  owe  the  pecuhar  glare  and  fierceness  of  the 
eye,  Mr.  Bell  tells  us,  to  the  contraction  of  three 
muscles  which  are  peculiar  to  them,  and  which, 
being  fixetl  in  the  eyelids,  draw  them  back  on  th« 
prominent  eyeball,  and  these  produce  the  fixed 
straining  of  the  eye ;  while,  by  stretching  tlie  coats, 
they  give  a  greater  brilliancy  to  the  reflection  from 
them.  We  shall  afterwards  find,  when  on  the 
subject  of  the  eye,  that  there  is  a  peculiarity  in 
the  organ,  which  is  another  cause  of  the  glare 
which  the  eye  possesses  in  animals  of  the  cat 
kind. — Graminivorous  animals  do  not  exhibit  rage 
in  this  ferocious  way ;  but  principally  by  efllects 
the  general  system.  Their  eyes  glisten,  their  nos- 
trils swell,  and  they  prepare  their  bodies  for 
offence ;  but  they  are  without  the  power  of  raising 
the  Ups,  as  in  snarling,  though  they  can  do  so, 
in  such  a  way  as  to  be  allowed  to  feed ;  but  for 
this  particular  action,  they  are  provided  with  « 
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;h  is  at  the  front,  instead  of  the  sides 


to  possess  some  of  the  attributes  of 
the  carnivorous  race,  in  his  indications  of  rage ;  for 
the  lips  are  forcibly  drawn  upwaids,  in  a  manner 
somewhat  similar  to  that  of  the  more  ferocious 
animals :  but  I  suppose  that,  in  them,  the  nature  of 
their  covering  prevents  the  other  Indications  of  rage 
from  exliibiting  themselves,  which  are  so  marked 
in  the  human  countenance,  when  acted  on  by  this 
I      pission. 

^^VThis  must  be  in  some  measure  the  case ;  but 
'  it  is  likewise  to  be  observed,  that  in  man,  there  b 
a  union  of  all  the  capacities  for  expression  which 
bdong  to  quadrupeds ;  and  also  several  peculiar 
muscles,  which  seem  to  act  as  organs  of  expression, 
uid  to  be  capable  of  indicating  emotions  and  sym- 
nnthies,  of  which  tlie  lower  animals  are  not  sus- 
ceptible. The  knitter  of  the  eyebrow  is  one  of 
ii^ne  peculiar  muscles;  and  in  its  contraction, 
Jurtng  rage,  there  is  a  mingling  of  mind  and  sen- 
timent, with  mere  animal  feeling,  which  distin- 
guishes, in  some  degree,  the  ferocity  of  a  man,  from 
that  of  a  brute. 


L, 
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I  suppose,  then,  that  if  a  dog's  face,  or  that  of 
any  other  animal,  were  dissected,  like  the  human, 
of  which  you  have  shown  us  a  sketch,  the  muscles 
would  be  found  much  less  numerous. 


i 


Certainly  ;  and  the  difference  is  very  well  exi 
ptified  by  a  drawing  which  Mr.  Bell  gives  of 
muscles  of  a  dog's  face,  of  which  I  now  show  yon 
a  sketch ;  and  you  will  see,  on  comparing  it  with 
the  sketch  of  the  muscles  of  the  human  face,  what 
a  paucity  there  is  in  the  former,  compared  to 
latter;  and  what  little  variety  of  feature  the  one 
capable  of  exhibiting,  to  the  other,  if  even  th< 
were  not  the  covering  which   Charles  supj 
likely  to  prevent  small  contractions  of  muscles 
being  discernible. 

In  this  sketch,  a  a  are  the  circular  fibres,  whi 
surround  the  eyelids,  and  are  common  to  all 
mals. 

BCD  are  accessory  muscles,  called  by  Mr.  Bell 
sdntillantes,  or  glistening,  which  draw  back  the 
eyelids  upon  the  eyeball,   and  give  a  sparkli 
fierceness  to  the  eye. 

F  G  H  are  muscles  of  the  ear,  which,  in  ini 
animals,  are  well  adapted  to  vary  its  direction, 


gire  it  the  necessary  tension,  to  receive  the  vibra- 
tioas  of  sound. 

I  K  form,  with  the  layer  of  muscles  immediately 
below,  the  snarling  muscles,  as  Mr.  Bell  terms 
Uiem,  wliose  action  raises  up  that  part  of  the  upper 
p  froD)  which  the  whiskers  grow,  and  which  is 
islte  to  the  canine  teeth,  and  produces  the  pecu- 
kr,  and  well-known  expression  of  displeasure  in 
e  carnivorous  animal. 
'  L  ts  the  muBcle  moving  the  nostril  in  smelling. 

,  the  muscular  fibres  of  the  mouth,  which  do 
not,  as  in  man,  make  a  perfect  orbicular  muscle ; 
and  the  lips,  therefore,  unless  when  acted  upon  by 
the  snarling  muscles,  hong  loose  and  relaxed. 
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,  a  muscle  which  retracts   tlie  angle  of  the 
mouth,  and  is  useful  in  mastication. 

o,  a  cutaneous  muscle,  which  sends  up  fibres 
from  the  neck  to  the  side  of  the  lace. 

In  the  horse,  it  may  be  observed,  there  are  mus- 
cles which  raise  the  upper  lip,  and  draw  down  the 
lower,  at  their  middle,  so  as  to  uncover  anil 
protrude  the  fore  teeth  in  feeding  or  biting.  This 
animal  has  also  muscles  which  draw  the  eye  back- 
wards, so  as  to  increase  his  field  of  vision  in  that 
direci^n.  The  other  graminivorous  animals  have  a 
similar  disposition  of  muscles  in  the  lips. 

Having  given  you  this  general  description  of  the 
muscles  of  a  dog's  face,  to  enable  you  to  compare 
them  with  those  of  the  human  countenance,  I  shall 
go  on  with  the  sketch  which  I  was  giving  you  of 
the  peculiar  designations  of  the  passions. 

The  character  of  sttspicwn  is  a  rigid  contraction 
of  the  eyebrows  and  muscles  of  the  face,  as  if  under 
extreme  attention ;  and  a  limorotis  side  look  of 
the  eyes.  Discontent  is  remarkable  for  the  con- 
tractetl  forehead,  the  arched  nose,  and  the  do- 
pressed  angle  of  tlie  mouth.  This  last  isdejiendent 
onmuscles  which  are  peculiar  to  man,andare  called 
the  triangular,  or  the  depressors  of  the  angles  of 
ihe  mouth ;  which  give  a  very  peculiar  expression 
I  tlie  features,  such  as  is  not  discovered  in  any 
iier  animal,  in  contempt,  hatred,  pride,  and 
lousy. 
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Tbe  e^cts  oi  fear  are  to  relax  the  energies  of 
mind  and  body ;  the  eyebrows  are  elevated,  the 
eyes  largely  uncovered  and  staring,  the  mouth 
opened,  and  the  breath  spasmodically  affected. 
Tliere  b  a  trembling  in  the  cheek,  lips,  and  mus- 
cles at  the  side  of  the  neck ;  the  countenance  is 
pale,  from  the  receding  of  tlie  blood,  and  tlie  hair 
rises,  from  the  contraction  of  the  skin. 


It  appears  that  the  effects  of  ordinary  fear  and 
rage  are  as  nearly  as  possible  opposed  to  each 
odier,  Dol  only  in  their  nature,  but  their  physical 
effects;  for  while  the  latter  excites,  the  former 
depresses  every  energy  to  llie  utmost  extent. 
The  elevation  of  the  eyebrows,  instead  of  their 
contraction,  must  produce  a  remarkable  difference 
between  the  expression  of  tbe  one  and  of  the  other. 

DR.    A, 

fn  smiling  and  laughing,  the  circular  muscle  of 
ihe  lips  is  relaxed;  but  in  laughing,  there  is  con- 
joined, an  action  of  the  elevating  muscles  of  the 
cheek,  which  draw  the  angles  of  the  mouth  up- 
wards ottd  backwards,  and  accumulate,  as  Mr. 
B*ll  terms  it,  tlie  cheek  upon  the  eye ;  the  mouth 
11  open,  the  eyes  half  closed ;  the  nostrils  ore  di- 
biied ;  and  in  a  hearty  laugh,  the  eyes  are  suffused 
vrith  teau.  There  is,  at  the  same  time,  a  convuU 
«ve  state  of  the  respiratory  organs,  which,  every 
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one  knows,  is  sometimes  to  an  inconveDJent,  i 
UQComfortable  extent. 

SOPHIA. 

But  how  does  it  happen  that  we  cannot  hel 
shedding  tears  in  a  hearty  laugh  ? 


Because  the  action  of  the  muscles  of  the  fae£^ 
raises  the  cheek  against  the  eye,  while  the  circular 
muscle  of  the  eyelid  is  brought  into  action,  and 
presses  on  the  eyeball  and  on  the  little  gland, 
called  the  lachrymal  gland,  which  I  shall  afterwards 
have  occasion  to  mention  to  you,  as  secreting  the 
tears. 

Conjoined  with  the  action  of  the  circular  □ 
of  the  eyelid,  is  that  of  the  occipito-frontal,  whi 
unites  with  the  former  in  giving  an  acute  arc 
the  eyebrow.  —  The  action  of  the  depressors  o 
angles  of  the  mouth  converts  a  smile,  or  a  laui 
into  a  sneer.  —  In  crying,  there  is  a  sort  of  convi 
sive  action  in  the  muscles  about  the  eyes, 
cheek  is  raised,  the  nostril  drawn  up,  the  e 
stretched    laterally,   and    its   corners   rather   i 
pressed,  while   the   eyebrows   are  drawn   ( 
There  is  likewise  a  convulsive  action  in  the  o 
of  respiration,  which  is  very  peculiar. 

CHARLES. 

The  production  of  tears  does  not,  I  suppot 


e  from  the  same  cause  in  cryiag  and  laughing ; 
mely,  from  pressure  on  the  lachrymal  gland. 


!  shedding  of  tears  in  weeping,  is  always 
preceded  by  a  pungent  sensation  in  the  membrane 
of  tbe  nose,  which  seems  to  excite  a  sympathy,  not 
very  well  understood,  on  the  lachrymal  gland ;  and 
hence  we  Bnd,  that  though  the  features  may  be 
conuaonded,  the  tears,  under  certain  circum- 
stoBixs,  will  not  be  controlled.  We  must,  how- 
erer,  defer  the  prosecution  of  this  subject  till  our 
oext  meeting. 


CONVERSATION  VI. 

THE    MUSCLES   CONTINUED. 


SOPHIA. 

Xov  mentioned,  at  our  last  meeting,  that  there  are 
some  particular  organs  of  expression  peculiar  tO' 
I,  and  to  which  there  is  nothing  of  resemblance 
in  brutes.     Is  there  any  thing  like  laughing 
crying  among  any  other  but  the  human  race  ? 

DR.  A. 

These  indications  of  Joy  and  grief  are  wanting 
in  animals,  for  they  have  not  the  muscles  on  wbicb 
they  depend.  They  will  testify  joy  and  sorrow 
by  some  demonstrations  of  their  own ;  but  they  a 
without  the  means  of  producing  that  variety  a 
change  of  features,  on  which  so  much  of  the  dig- 
nity of  the  human  countenance  depends.  The 
orbicular  muscle  of  the  hps,  and  the  muscles  whicb 
are  placed  about  the  angle  of  the  mouth,  give  i 
power  of  minute  expression  of  feeling  which  i 
quite  peculiar  to  mankind. 


But  if  there  is  not  laughing,  there  seems  at  l«asC 
to  be  crying  among  some  of  the  brute  creation 
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for  Thomson,  in  his  descrtplion  of  the  stag  stand- 

ijng  at  bay,  tells  us,  that 
r  The  big  round  tears  run  down  liis  dappled  face. 


The  same  is  also  meutioned  as  occurrlog  in  some 
other  animals.  For  example,  the  phoca  ursina,  sea 
bear,  or  ursine  seal,  has  been  said  to  shed  tears  copi- 
OOlljF,  fffaen  wounded,  or  when  its  young  have  been 
Odcenfrom  it.  Pallas  states,  that  when  the  Mongols 
find  that  the  camel  will  not  suckle  its  young,  (which 
if  very  rarely  the  case)  they  excite  the  maternal  feel- 
ings, and  elicit  copious  tears  irom  the  old  one,  by 
employing  a  plaintive  melody,  imitating  the  voice  of 
the  young  animal.     Humboldt  informs  us,  that  a 
■      itaall  American  monkey  is  melted  into  tears  on 
^Hnr  fright  or  disquiet,-    and  the  keeper  of  the 
^^H^g  otltang,  brought  from  Batavia  by  Dr.  Abel, 
^^Jpnred    Mr.  LawTence,  as  the  latter  gentleman 
li      teOs  us,  that  he  had  seen  him  weep  a  few  times.  ■ — 
In  all  these   instances  (if  quite  correct),  there  is 
certainly  more  of  the  appearance  of  human  sorrow, 
than  usually  occurs  out  of  the  pale  of  mankind ; 
but  y«t  it  is  to  be  observed,  that  all  quadrupeds 
wcrete  tears,  and  may  therefore  have  the  flow'  of 
ihem   increased   under   particular  circumstances. 
The  flow  of  tears,  however,  is,  as  you  may  recol- 
^lect,  only  a  part  of  the  indication  of  sorrow;  for  it 
^^W  the  alteration  of  features  which  represents  emo- 
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tion;  and,  this,  with  very  little  exception,  and  tl 
applying  principally  to  rage  among  a  certain  triln 
of  animals,  as  I  have  already  mentioned,  is  entirely 
confined  to  the  human  race. 

"Thiscapacityofexpression,"  says  Mr.  Bell,  "th 
indication  of  a  mind  susceptible  of  great,  or  < 
tender  emotions,  has  a  great  share  in  huin 
beauty ;  whether  in  the  living  countenance,  or 
that  which  the  pencil  presents.  How  different  tl 
tame  regularity  of  a  merely  placid  countenacoQ 
Ironi  what  strikes  the  spectator  when  he  heboldl 
the  indications  of  a  gieat  mind  in  that  susceptibiliq 
of  emotion  and  energy,  which  marks  the  bra 
and  animates  the  eye  of  the  hero,  even  id  1 
calmest  scenes  of  life !  How  fascinating,  wha 
compared  with  the  insipid  prettiness  and  regul 
features  of  an  inanimate  beauty,  is  that  suscepti 
bility,  which  lightens  up  the  countenance, 
plays  upon  the  features  of  a  woman  of  sensibUi^ 
even  while  she  is  unmoved  by  any  particular  d 
fection  I 

"  It  is  this  emanation  of  the  mind  inspiring  tfa 
features,  and  giving  grace  to  tlie  actioD,  wbici 
produces  the  enchanting  effect  in  painting.  And  i 
there  be  such  a  thing  as  pleasure  arising  from  raei 
form,  without  expression  and  character,  whid 
I  much  doubt,  it  is  a  pleasure  which  must  be  v 
transient.  In  every  possible  condition  and  sta 
of  existence,  there  is  a  certain  character  to  I 
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girai  to  tfae  body.  It  is  alive,  or  dead ;  still,  or 
in  motion ;  it  has  the  spirit  and  buoyant  spring  of 
yootb.  the  massiness  of  manly  strength,  the  grace 
ud  elegance  of  female  beauty,  or  tlie  cautious 
timidity  and  coostrained  motions  and  postures  of 
old  age,  legibly  impressed  on  the  whole  figure, 
ud  prescribing  everj-  motion  and  position  of  the 
body." 

HABIUET. 

Tbe  study  of  expression,  as  varied  by  the  dif- 
ferent emotions  of  the  mind,  seems,  from  the  inter- 
esting iletails  which  you  have  given  us  on  the 
rabject,  (o  be  totally  different  from  tliat  of  phy- 
sogDomy !  but  1  should  be  very  curious  to  know 
oiwfaat  leading  circumstances  Lavater  depends,  in 
lonning  his  conclusions  as  to  human  character 
nd  Q^iacity. 

OR.  A. 

His  work  seems  to  be  a  series  of  observations 
Wdly  referable  to  any  precise  principle.  He 
considers  the  bones  of  the  bead  and  face  as  the 
"IfimiH"  foundation  of  it,  and  as  both  giving  to,  and 
ncdving  from,  the  soft  parts  which  are  attached 
to  them,  a  sort  of  permanent  character  and  influ- 
aiee>  He  mentions,  in  great  detail,  and  with  nume- 
rous examples,  the  difierent  appearances  produced 
by  nrious  modilications  of  forehead,  eyebrows, 
eye*,  nose,  lips,  and  chin;  and  recommends  the 
Audy  of  silhouettes,  or  the  profiles  of  countenances. 


I 
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as  giving  every  information  which  is  necessary  ti 
the  stody  of  character,  in  a  way  superior  even  to 
he  best  portraits.  He  considers  plaster  modell 
OS  much  better  than  the  countenance  itself,  fos 
coniniunicating  an  Insight  into  the  mind  and  di*' 
position,  because  they  can  be  vieifed  and  studied 
cus  ways,  and  measured  and  silhouetted  ii 
every  direction ;  and  he  distinguishes,  in  silhouettes^ 
nine  horizontal  sections,  which  1  shall  mention  toF 
you,  as  forming  so  many  series  of  parts,  to  whit^ 
the  attention  is  to  be  given,  m  order  to  judge  c 
character. 

The  first  is  the  curve  from  the  top  of  the  li 
to  the  commencement  of  the  hair  at  the  forehead. 

The  second  Is  the  contour  of  the  forehead  to  the 
eyebrow, 

The  third  Is  the  Interval  between  the  eyebrow 
and  the  root  of  the  nose. 

The  fourth  is  the  nose,  to  the  commencement  o( 
the  lip.  < 

The  fiflh  Is  the  upper  lip.  ' 

The  sixth  is  the  two  lips  taken  together.  i 

The  seventh  and  eighth  are  the  height  and  Ae. 
pression  of  the  chin. 

A.nd  the  ninth  is  the  neck,  in  which  he  includei 
the  back  of  the  bead. 

Every  one  of  these  parts,  he  enthusiasticallji 
tells  us,  "  is  a  letter,  a  syllable,  a  word  —  often  i 
decisive  Judgment,  an   entire  discourse,  on   ever' 
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truth  speaking  nature;"  and  he  views,  in  his  fa- 
fonrile  object  of  contemplation,  tlie  profile,  a 
positive  and  incontestable  proof  of  the  reality  of 
ihe  science  of  phyMognomy,  and  one  which,  when 
the  sections  are  in  perfect  harmony,  affords  such 
a  decided  insight  into  character,  as  to  be  distinctly 
read  by  a  peasant,  or  a  child. 

After  having  given  you  so  long  an  account  of 
ihe  eifects  of  muscular  action  in  communicating 
expression  to  the  features,  it  is  necessary  to  resume 
ilie  examination  of  the  general  operation  of  mus- 
cles; and  here  I  would  observe,  that  a  consider- 
ation of  the  motion  to  be  performed,  will  generally 
■how  in  what  direction  the  muscles  must  lie,  in 
rtlcr  to  perform  it.  Thus  it  is  clear,  that  the 
muscles  which  bend,  must  lie  in  the  fore  part  of 
ili«arm,  and  those  which  extend,  on  its  back  part; 
msi  as  you  may  see  that  the  rule,  with  which  I  have 
-leoipltfled  muscular  action,  must  have  its  cord, 
-hich  is  to  double  it  up,  on  the  inside,  and  ihai 
-hich  is  to  return  it,  or  what  is  similar  in  effect,  to 
i:xiend  it,  on  the  outside. 

SOPHIA. 

_  One  sees  occasionally  people  with  various  wqrk- 
I  in  their  face  or  limbs ;  are  tliese  from  an 
n  of  muscles,  which  they  are  unable  to  prevent  ? 


muscles   aie   subject   to   what   are 
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called   spasmodjc   affections,   during  which    tin 
contract,  anil  perform  cert&in  actions  independent 
of  the  will.     Sometimes,  too,  only  a  few  fibres  o(  s 
muscle  are  alfected ;  and  then  a  sort  of  twitching 
is  produced,  which  consists  of  alternate  coatn 
tions  and  relaxations,  and  is  rather  uncomlbrtabi 

HARRIET. 

Cramps,  I  suppose,  are  of  the  same  descr^>ttd 
— violent  contractions  of  the  muscles. 


They  are  so ;  but  here  the  relaxation  or  ce 
tion  of  action  does  not  take  place ;  and  the  i 
tinuance  of  the  violent  action  becomes  exceeding 
painful. 

HAimiET. 

But  I  have  seen  persons  where  there  has  be 
a  distortion  of  the  countenance,  as  if  from  a  pe 
manent  contraction ;  and  yet  there  did  not  sec 
to  be  any  cramp. 

DR.  A. 

There  was,  in  this  case,  a  loss  of  power  of  t] 
muscles  of  the  opposite  side,  from  palsy,  moet 
likely,  by  means  of  which  the  sound  muscles,  from 
tliere   being  no  natural   power  on   the  opposite 
side  to  act  against  them,  take  a  more  contra< 
position  than  usual. 


chahles. 
Then  it  appears,  that  when  the  mouth  is  seen 


icM^ 

■i 
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dnwn  to  one  side,  it  is  not  the  side  in  which  the 
distortion  is  most  manifest,  which  is  the  part 
ftfiecled,  but  the  opposite  one. 


This  is  precisely  the  case;  for  all  the  nctione 
which  we  ]>erforDi,  by  means  of  certain  muscles, 
o*cr  one  side  of  the  mouth,  we  can  also  perforiD, 
by  means  of  corresponding  muscles,  on  llie  other 
side  of  (lie  mouth ;  and  when  neither  sets  of  muscles 
are  in  action,  they  balance  each  other,  so  as  to  keep 
the  mouth  even.  In  the  case  of  paralysis  of  the 
muscles  of  one  side,  the  power  of  these  muscles  is 
l(i»[,  and  the  bolaiice  is  destroyed.  The  same 
liappens  hi  various  other  parts  of  tlie  body,  as  in 
the  tongue  and  neck,  where  the  muscles  are  dis- 
poaed  in  pairs,  and  are  said  to  be  antagonists  to 
each  other.  I  may  also  remark,  that  whenever 
there  is  a  muscle  which  moves  a  part  in  one  direc- 
dun,  there  is  another  muscle,  or  set  of  muscles,  to 
:^'itore  it  to  its  former  slate.  For  instance,  if  you 
Ijend  the  arm,  you  act  with  the  flexor  muscles 
to  produce  this  effect ;  but,  in  order  to  bring  it  to 
it>  usual  stflte,  you  act  with  the  extensors,  and  grs- 
ilunlly  withdraw  the  action  which  bent  the  arm. 
A  mere  cessation  of  contractile  jTOwer  would  leave 
•Me  limb,  where  it  was,  to  obey  the  mere  operation 
of  gravity  upon  it;  but  by  this  reciprocal  opera* 
tion,  muscles  act,  as  Dr.  Paley  very  aptly  states  it. 
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like  sawyers  in  a  pit,  by  pulling  at  different  time^ 
in  opposite  directions. 

SOPHIA. 

But  considering  the  great  number  of  muscles 
wtich  there  every  where  is,  there  seems  to  be 
hardly  space  sufficient  on  the  bones  for  their  insert 
tion ;  and  near  the  joints,  the  muscle  seems  to- 
cease. 

DR.  A. 

Nature  has  adopted  n  very  ingenious  plan  for 
diminishing  the  space  necessary  for  the  insertion 
of  muicles,  and  this  is,  by  tlie  use  of  what  I  hava- 
already  mentioned  to  you,  as  tendons,  or  sineNn* 
These  are  a  species  of  ropes,  wiiich  occupy  little 
space  in  their  attachment  to  the  bone,  and  there- 
fore allow  a  free  motion  of  tlic  joint,  and  a  greater 
symmetry  than  Ji'  the  joints  were  covered  with' 
large  masses  of  fiesh.  They  are  very  strong,  and' 
are  firmly  attached  to  the  muscles,  which,  at  a 
oertmn  distance  from  the  joint,  expanil  into  a 
fleshy  mass,  so  as  to  fill  up  the  surface  betweea, 
one  joint  and  another. 

CHARLES. 

Then  I  suppose  the  tendons  are  merely  muscles- 
more  consolidated,  so  as  to  occupy  less  room. 

DR.  A. 

Their  nature  is  very  different,  tendons  being-' 
principaUy  composed  of  gelatine,  while  muscles 
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consist  chieflj'  of  fibrine,  or  the  fibrous  part  of  the 
blood,  which  I  shall  af^rwards  have  occasion  more 
particularlj  to  notice.  They  have  no  power  of 
coDtractiont  and  are  therefore  merely  passive»  fol- 
lowing the  impulse  which  the  muscles  give  them, 
to  which  they  are  firmly  attached,  and  capable  of 
being  sepapited  from  lliem  by  mnceralion,  or  boil- 
ing. Sometimes  the  tendons  are  of  gi-eat  length, 
u  in  the  fingers ;  and  you  may  observe  that  the 
back  of  the  hand  is  covered  with  thin  cords  or 
toidons,  which  belong  to  the  muscles  that  extend 
the  fingers,  and  which  lie  on  the  outside  of  the  arm. 
It  is  evident  that  in  this  case,  the  hand  and  fin- 
gen  would  have  been  much  incommoded  in  their 
various  and  delicate  motions,  by  a  larger  mass.  — 
Ereiy  muscfe  is  bound  round  or  encircled  by  a 
nembrane  of  cellular  substance,  called  a  sheath, 
which  serves  to  give  it  additional  protection,  and 
also  to  preserve  the  muscles  In  their  place;  for  the 
cdlular  membrajie,  at  I  have  before  observed, 
having  fl  loose  kind  of  union  throughout,  preserves 
the  parts  in  their  relative  position,  without  at  all 
impeding  their  motion  upon  each  other. 

CHARLES. 

But  as  the  muscles  and  tendons  are  in  such  con- 
tinual motion  over  each  other,  is  there  any  incon- 
venience from  this  friction,  or  any  means  employed 
lo  prevent  it? 


I 

I 
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DR.  A. 

The  muscles  being  of  a  sofl  oature,  con  move 
over  each  other  glibly,  and  without  difficulty;  bat 
it  would  be  diiferent  with  the  hard  cords  whick. 
form  the  tendons;  and  therefore  nature  has  wisely 
formed,  whenever  there  is  friction  of  tendons  upm 
tendons,  muscles,  or  bones,  a  small  cavity,  called 
a  bursa  mucosa,  or  mucous  bag,  of  cellular  mem- 
brane, which  has  B  secretion  poured  into  it,  re 
bling  the  glairy  liquor,  or  synovia  of  the  jointl^' 
that  facihtates  motion,  and  preveuts  injury  I 
friction  or  pressure. 

HAKRIET. 

You  mentioned  that  muscles  liaveboth  an  origu 
and  insertion  in  bones ;  but  how  is"  it  with  the 
tongue,  whose  motions  are  so  numerous,  and 
where  there  is  no  boue  to  which  its  muscles  con  ba 
attached  ? 

DR.  A. 

I  particularly  spoke  of  motions  where  joints  a 
concerned;  but  there  are  various  other  motioii% 
to  which  muscles  are  subservient.  In  which  tha 
plan  adopted  in  the  limbs  is  not  admissible.  In  As 
instance  of  the  tongue,  there  is  a  bony  attachment 
of  muscle,  only  at  the  back  part;  while  towardi' 
the  point  of  the  tongue,  the  muscles  are  curious^ 
united  to  each  other,  so  as  to  admit  of  every  dm* 
»cription  of  motion  with  the  utmost  facility.    Thig. 
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Structure  is  necessary  in  the  production  of  alt  the 
aunute  differences  of  action  requisite  to  the  form- 
ation of  language;  and  in  order  still  more  to  faci- 
litate the  movements  of  this  active  little  organ,  it  is 
attached,  behind,  to  a  bone  called  the  os  hyoidea, 
from  its  resemblance  to  the  Greek  letter  u,  which 
b  so  fixed  to  the  neighbouring  parts  as  to  admit  of 
some  degree  of  motion.  This,  it  is  obvious,  must 
be  of  particular  importance  in  the  act  of  swallow- 
ing, when  any  unyielding  body  would  be  very 
macb  in  the  way,  —  But  some  muscles,  it  must 
be  observed,  are  not  attached  to  bones  at  all; 
fbr  instance,  the  heart,  which  we  shall  find  is  one 
of  the  most  powerful  muscles  of  the  body.  The 
atomach  and  bowels,  likewise,  have  a  muscular 
structure,  which  is  connected  with  the  propulsion 
of  the  food. 


1        the* 


But  I  thought  that  muscles  always  obeyed  the 
will ;  the  motion  of  the  heart,  and  otlier  internal 
pnts,  IB  quite  independent  of  any  power  of  guid- 


Certainly;  but  all  muscles  ore  not  obedient  to 
the  will ;  and  hence  tlicy  are  divided  into  voluntary 
and  involuntary  muscles.  For  as  there  are  certain 
foDcttons,  as  those  of  motion,  which  must  always 
be  performed  with  consciousness,  there  are  others 


t 
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which  must  continually  go  on,  and  which  nature 
has  tiierefore  wisely  ordained  to  be  quite  inde- 
pendent of  any  ihoiiglit  or  arrangement  of  our 
own.  As  examples  of  this,  I  may  mention  the 
action  of  the  heart,  in  prelecting  the  blood ;  and 
that  of  the  stomach  nnd  bowels,  in  passing  on  the 
food  which  has  been  received  into  them. 

HARRIET. 

This  is  admirably  maiiiiged ;  for  I  fear  that  ifi 
we  had  the  guidance  of  all  the  functions  of  ouf 
bodies,  we  should  be  very,  apt,  in  our  anxiely 
diat  some  processes  should  go  on  well,  to  overlook 
others,  and  thus  act  much  like  a  husbandman,  who 
might  have  the  winds  and  weather  at  his  disposaL 
But  this  exertion  of  voluntary  power  over 
muscle  seems  to  be  very  surprising:  we  have  only 
to  will  a  particular  action,  and  the  uctioii  follows 
the  thought. 

DR.  A, 

This  is  really  the  case,  and  a  most  surprisii 
phenomenon  it  is ;  for  there  is  no  perceptible  i 
terval  between  the  willing  to  do  a  thing,  and  ths 
completion.  Our  muscles,  therefore,  seem  to  be 
set  of  obedient  servants,  placed  in  every  part  c 
our  bodies  to  do  our  pleasure. 

CHARLES. 

But  what  sort  of  influence  is  that  which  Is  thus, 
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«zemsed  by  us,  and  how  is  tht  power  communi- 
ycated? 


*  These  are  questions  which  can  be  but  very  im- 
perfectly  answered,  for  they  involve  that  inscrutable 
connection  between  the  material  and  immaterial 
part  of  the  animal  body,  which  we  know  only  by 
its  effects.  We  are  conscious  of  the  exercise  of 
will,  and  we  see  that  action  follows  this  exertion ; 
but  most  of  the  intermediate  steps  are  beyond 
human  c(^izance.  Placed  at  a  distance  from  all 
ihe  muscles,  die  brain  communicates  an  influence 
to  them  through  the  medium  of  the  nerves,  either 
directly,  or  by  the  intervention  of  the  spinal  mar- 
row.  If  the  connection  between  the  brain  and  a 
muscle  is  cut  off,  as  by  on  cccidental  division :  or 
the  energy  of  the  nerve  lessened,  as  in  palsy,  then 
the  muscle  has  not  the  power  to  obey  the  will,  ot 
does  so  very  imperfectly.  Hence  the  nerves  are 
the  media  by  which  the  will  acts  upon  the  muscles ; 
ijut  bow  the  nen-es  are  acted  upon  by  the  imma- 
terial, and  consequently  the  nobler  part  of  the 
snimal  constitution,  is  one  of  those  arcana  which 
■he  divine  Creator  has  not  permitted  to  be  known 
Ions. 

The  celerity  of  muscular  action  is  very  astonish- 
ing. It  bos  been  calculated  that  1500  letters  may, 
by  very  rapid  communication,  be  pronounced  in  a 
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nngla  minute;  and  if  you  consider,  for  aa  insttmU 
diBBstonishinglyrapid  movements  which  the  fingere 
are  capable  of  making  in  writing,  or  in  miisiral  ex- 
ecution, jou  will  be  able  to  imagioe,  in  how  minute 
a.  portion  of  time  muscular  actions  are  performed. 


s 
It 

i 


I 


SOPHIA. 

Habit,   however,   I   suppose,  imparts  a  great   ' 
fiidljty  in  the  exercise  of  such  muscles ;  for  it  t$ 
very  difficult  to   get   the   rapidity  of  movemeot 
which  many  performers  on  different  instrumenta  j 
possess. 

DR.  A. 

Movements  have,  in  time,  a  certain  a£sociation 
one  with  another,  and  this  makes  them  appear  to 
be  in  some  measure  independent  of  continued  vo- 
luntary agency;  but  still  the  motions  cease,  as 
soon  as  the  will  to  move  is  discontinued,  and  b^in 
again  when  that  is  renewed.  —  The  precision  with 
which  we  can  direct  the  motions  of  our  limbs 
is  extraordinary.  We  require  no  calculations,  as 
the  mechanist  does,  as  to  the  power  which  we  an 
to  produce ;  for  we  at  once  do  what  we  wish  to  do, 
and  no  more.  This  has  been  put  in  so  striking  » 
light  by  the  late  Dr.  Barclay  of  Edinburgh)  that  I 
shall  read  you  a  passage  on  the  subject,  from  his 
very  excellent  work  on  Muscular  Motions.  "  Let 
ug  suppose,"  says  be,  "  the  circumference  in  which 
a  bone  can  be  moved  to  be  24  inches ;   that  each 
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oTthe  inches  is  equally  divided  into  12  parts;  and 
tiiat  ihe  bone  may  be  assisted  at  each  of  the  divi- 
sions, which  we  know  to  be  possible;  with  what 
accuracy  must  the  muscles  contract  towards  the 
centres,  in  order  to  regulate  their  extent  of  motion 
■  ith  so  much  precision  towards  the  circumference. 
In  produclDg  the  several  musical  notes,  by  changes 
inthe  small  aperture  of  the  glottis,"  (which,  by  the 
by,  is  the  opening  from  the  mouth  into  the  wind- 
pipe,} "or  in  balancing  the  body  on  the  tight  or 
stack  ropes,  we  know  that  the  muscles  must  con- 
tnuM  with  such  minuteness  and  accuracy,  as  Ire* 
quently  to  regulate  their  extent  of  decurtation,  by 
tmaller  measurements  than  the  200,000th  part  of 
an  tDch." 

SOFBtA. 

This  is  very  wonderful,  and  yet  how  little  are 
tile  powers  with  which  we  are  (^(^,  the  daily 
flpendions  of  living  beings,  the  subjects  of  remark, 
mach  less  of  the  admiration  which  they  are  so  well 
adcnUted  to  inspire. 


DR.  A. 

!  force  which  muscles  are  capable  of  exer- 
is  very  great.  Three  hundred  pounds  have 
been  elevated  by  the  muscles  of  the  lower  jaw ;  and 
when  a  person  with  a  burden  on  his  back,  stands 
on  tiptoe  on  one  foot,  the  whole  weight  of  the  bur- 
den, and  of  the  bodyi  is  borne  by  the  extensor  mu*- 
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cles  of  the  foot  —  During  action,  the  muscle  itsdf 
seems  to  acquire  a  great  addition  of  strength)  and 
of  power  to  resist  injury;  for  a  blow  which  would 
bruise  the  flesh  very  much,  or  break  a  boae,  if 
received  unexpectedly,  and  in  a  state  of  relaxation, 
can  be  received  with  impunity  by  muscles  in  a 
state  of  contraction.  It  is  in  this  way  that  the 
feat  of  breaking  a  poker  over  the  arm  is  explained ; 
for  the  rigidity  of  the  biceps  muscle,  which,  as  I 
have  mentioned  to  you,  lies  immediately  above  the 
elbow,  on  the  front  of  the  arm,  will,  particularly 
if  the  power  is  increased  by  habit,  receive,  and 
repel,  without  injury,  a  very  severe  blow.  — 
It  is  on  the  same  principle,  that  Leather-Coat 
Jack,  as  he  was  called,  who  lived  in  the  time  of 
Dr.  Hunter,  was  enabled  to  bear  a  carriage  to  pass 
over  him,  which  he  would  do  at  any  time  for  a 
very  small  recompense.  After  death,  he  was  found 
to  have  very  strong  muscles,  and  large  projecttODs 
of  bone,  into  which  they  were  inserted,  which  gave 
him  the  faculty  of  very  powerfully  contracting  his 
muscles,  so  as  to  resist  the  immense  pressure  which 
I  hare  mentioned. 

SOPHIA. 

It  seems  to  be  upon  the  same  principle  that  wfl 
can  bear  an  impulse  of  any  kind  when  we  prepare 
for  it,  better  than  when  it  comes  unawares. 

DR.  A. 

Certainly.  We  oppose  tiie  contraction  of  muscla 
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inst  the  impulse  directed  against  us,  and  thus 
t  the  loss  of  ecjuilibrium  which  would  other- 
e  be  iDevitable. 

HARRIET. 

I  have  heard  of  experiments  being  made  on  the 
bodies  of  dead  animals,  by  which  movements  were 
aecuted  afler  death.  How  is  this  reconcilable  wi^ 
Ihe  doctrine  of  voluntary  power,  and  of  muscles 
buog  obedient  to  the  will  ? 


The  muscles,  during  the  state  of  life,  have  that 
kind  of  connection  with  the  brain,  by  which)  on 
;  one  hand,  they  are  obedient  to  the  will,  and, 
Btbe other,  communicate  to  the  mind  impressions 
ide  upon  them.  A  certain  structure,  known  by 
e  of  muscular,  is  imparted  to  tliem  for  this 
;  and  it  is  a  property  of  this  structure,  on 
r  circumstances  it  may  ultimately  depend, 
act  when  a  stimulus  is  applied  to  tL  If  a 
tion  of  the  scarf-skin  were  abraded,  and  the 
r  part  touched  by  a  pointed  instrument,  pain 
necessarily  be  produced,  but  no  muscular 
iction.  If,  however,  on  the  other  hand,  the 
I  part  were  a  muscle,  yon  would  see  a  con- 
tion  of  the  muscular  fibres  take  place,  or  a 
cies  of  convulsion.  Now  the  same  cause  which 
■duces  this  tendency  during  tile,  exists  for  some 
m  afterwards ;  and  is  capable  of  being  manifested, 
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more  particularly  by  that  modification  of  electrW 
city,  which  is  known  by  the  name  of  Galvanisn^ 
—  If,  for  example,  in  a  dead  frog,  one  extremityif 
with  the  skin  taken  off  it,  be  placed  on  a  piece  ci 
silver,  and  the  other  on  a  piece  of  zinc,  and  tlw 
two  metals  be  brought  into  contact,  convulsions 
are  produced.  The  same  happens,  also,  in  any  o 
the  larger  animals,  when  the  Voltaic  apparatus  (6 
which  the  electric  power  is  elicited,  through  tbflr 
means  of  alternate  pieces  of  zinc  and  copper,  w'lAb 
a  dilute  acid  interposed,)  is  made  to  complete 
circle  through  any  particular  part  of  the  body:'  i 
the  instant  of  contact,  convulsions  are  produced.  ' 

SOPHIA. 

Thesa  must  be  very  uncomfortable  experimental 
One  shudders  at  the  idea  of  involuntary  motions 
and  cannot  help  fancying,  that  a  portion  of  life  and 
feeling  must  exist,  when  motion,  the  constant  oi 
usual  accompaniment  of  life,  is  produced, 
whatever  circumstances  it  may  occur. 

DR.  A. 

The  discovery  of  this  particular  mode  of  excib 
ing  muscular  action,  I  must  observe  to  you,  thougti 
attributed  to  M.  Galvani,  was  really  due  to  his 
wife,  who  accidentally  observed  it  when  some  frogs 
were  lying  on  a  table,  ready  prepared  for  making 
the  soup  which  is  so  much  used  as  n  restorative  ■& 
Italy,  near  an  electric  machine.     Wliile  the  ma^ 
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dune  was  in  action,  one  of  the  attendants  hap- 
pened to  touch]  with  a  scalpel,  the  crural  nerve  of 
one  of  tbe  frogs,  which  vus  not  far  from  the  prime 
conductor,  when  It  was  remarked  that  tlie  muscles 
of  the  limbs  were  thrown  inlo  strong  convulsions. 
This  experiment  was  performed  in  the  absence  of 
the  Professor,  but  it  was  reported  to  him  by  his 
lady,  who  was  much  struck  with  it.  M.  Galvani 
repeated  the  experiment,  vnried  it  in  different 
ways,  and  beinji;  engaged  in  a  set  of  experiments, 
tbe  ol^ect  of  which  was  to  prove  that  muscular 
motion  depends  on  electricity,  he  was  induced,  by 
this  accidental  discovery,  to  prosecute  his  inquiries 
wnb  redoubled  diligence. 

The  size  of  muscles,  and  the  power  which  they 
potaess,  are  very  much  connected  with  the  quantify 
of  their  employment.  The  muscles  of  the  legs  in 
dancers ;  of  the  arms  in  blacksmiths ;  of  the 
ibonlders  and  bock  in  porters;  all  of  tliem  obtun 
■n  increase  of  bulk,  which  still  more  6ts  them  for 
ike  duties  which  tliey  hare  to  perform.  In  the 
lower  animals,  also,  this  is  strongly  exemplified;  and 
whether  iheyare  principally  accustomed  to  running, 
Bying,  or  swimming,  the  muscles  which  aie  respect- 
ifidyused  in  these  processes,  acquire  additional  force 
tad  magnitude.  In  birds,  there  is  a  striking  dif- 
ference between  the  size  of  the  breast-bone,  and  of 
tbe  muKcles  implanted  into  it,  in  such  as  princi- 
pally or  occasionally  support  themselves  on 
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wing;  and  those,  as  the  ostrich,  or  penguin,  whiclr 
employ  the  wings  only  as  an  aid  to  the  feet, 
muscular  power  of  the  wings  may  readily  be  con* 
ceived  from  the  long  flights  whicli  birds  are  cap^ 
ble  of  taking,  and  the  short  time  in  which  they  are 
performed.  It  is  said  that  a  pigeon  will  6y  thir^ 
miles  in  nine  or  ten  minutes. 


Have  people  ever  succeeded  in  adapting  wi 
to  their  bodies,  so  as  to  support  them  at  all  in  ths' 


From  the  time  of  Icarus  downwards,  there  havt 
been  many  attempts;  but  they  are  quite  absiird> 
AU  that  can  possibly  be  done  is  to  imitate  a  sortoE; 
parachute,  so  as  to  diminish  the  celerity  and  force 
of  a  descent;  for  birds  fly,  as  well  by  the  size 
their  wings,  as  by  the  immense  power  of  the  miw* 
cles  which  move  them,  to  which  we  have  nothing 
any  degree  similar.  —  Birds  have  likewise  hollow 
bones,  to  make  them  more  buoyant;  and  some  of' 
them  (as  we  shall  afterwards  find)  even  pouchea*' 
which  receive  air  from  the  lungs,  in  order  still  belt 
to  enable  them  to  remain  suspended  in  the  air,  or 
float  on  the  surface  of  water.     The  muscles  of  ths 
breast  of  a  bird  are  equal  in  weight  to  that  of  all 
the  other  muscles  of  the  bo<Iy  put  together;  and  it 
is  clear,  therefore*  that,  setting  aside  the  other  cir- 
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ciuDstoDces  to  increase  buoyancy  in  which  he  is 
deficient,  until  man  had  a  muscle  of  equal  power, 
instead  of  the  tliin  pectoral  muscles  which  cover  the 
side  of  his  chest,  and  are  inserteil  into  bis  arm,  he 
must  be  satisfied  with  something  short  of  aerial 
flights.  —  The  buoyancy  which  birds  are  capable  of 
obtaiaing,  through  the  means  of  hollow  bones  and 
air-bags,  is  strikingly  evuiced  in  the  facility  with 
which  the  majestic  condor,  the  enormous  vulture 
of  the  Andes,  which  is  said  to  measure  1 4  feet 
with  the  wings  extended,  can  suddenly  dart,  as 
Humboldt  has  seen  him  do,  from  the  bottom  of  the 
ileepest  valleys,  to  a  considerable  height  above  the 
nunmit  of  Chimbora^o,  which  has  an  altitude  of 
21,*70  feet  above  the  level  of  the  sea.  It  is  to  be 
observed,  however,  that  Humboldt  must  have  been 
at  a  considerable  elevation  when  lliis  took  place, 
and  that  this  animal  usually  occupies  situations  of 
very  considerable  altitude ;  but  still,  when  the  ra- 
rity of  the  air  is  so  great  as  it  must  be  at  the  top 
of  such  elevated  mountains,  and  which  is  indicated 
by  the  barometer  being  below  10  inches,  the  dimi- 
outioD  of  specific  gravity,  necessary  to  make  so 
hoge  an  animal  be  supported  by  air  so  highly 
nrefied,  is  wonderful. 


_  CHARLES. 

■Is  there  any  itructure  in  fish,  similar  to  that 
"  "  h  is  employed  in  increasing  buoyancy  ui  birds, 
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for  the  purpose  of  assisting  tbeni  in  swimming,  or 
in  their  ascent  or  descent  in  the  water  ? 


There  are  mr-cells  in  all  fish  which  have  tliq 
power  of  ascending  or  descending  in  the  water) 
and  such  animals  are  able  to  compress  their  orgi 
strongly,  by  means  of  appropriate  muscles 
condense  the  air  in  the  cells,  or  force  some  of  il^ 
as  has  even  been  supposed,  into  the  stomach  i 
gullet,  from  which  it  can  escape  from  the  body. 

CHARLES. 

I  have  never  observed  any  thing  like  tendons  tri 
fish,  OS  one  sees  in  quadrupeds  and  birds;  and  I 
suppose  they  are  unnecessary  in  them. 


Their  muscles  ^e  paler,  and  are  of  great  forof 
and  magnitude ;  but  as  their  motions  are  fewer, 
as  they  have  not  limbi  and  joints,  there  is  not  the 
same  occasion  for  arrangements  to  diminish  bulk, 
at  particular  parts  of  the  body.  Their  fins  and 
tails  are  the  organs  by  which  they  carry  intb  c 
their  various  powers  of  motion,  through  the 
dium  of  appropriate  muscles. 

I  have  already  observed  that  there  are  many 
muscles  in  the  human  body  which  have  no  inser- 
tions in  bones ;  bones  are  therefore  by  no  mesiu 
necessary  to  the  existence  of  muscles,  for  there 
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Irerons  animals  which  have  no  bones,  as  insects, 
tns,  and  the  whole  of  those  wliicli  nre  termed 
ooliusca,  which  are  capable  of  the  most  active 
and  diversified  movements,  far  beyond  the  pro- 
portion of  what  the  higher  orders  of  animals 
IK  capable  of  performing.  The  minuteness  and 
nmnljer  of  the  muscles  which  the  bodies  of  die 
sntHller  animals  possess,  may  be  judged  of  from  the 
aoooQdt  which  Lyonnet  gives  of  those  of  the  cater- 
pillar of  the  cossus.  In  the  head,  as  Kirby  and 
Spence  inform  us,  he  found  22S ;  in  tht;  body, 
16471  ond  enveloping  the  intesttneh',  no  less 
than  2166;  which,  after  deducting  20,  that  are 
common  to  the  gullet  and  head,  gives  a  total  of 
4061.  In  the  human  subject  only  529  hare  been 
counted;  so  that  this  minute  animal  has  3583 
muscles  more  than  the  lord  of  the  creation.  —  It  is 
not,  therefore,  in  the  higher  orders  of  animals  that 
the  beauties  and  the  bounties  of  structure  are  alone 
disceniible.  The  most  miimte  insect  exhibits  a 
system  of  admirable  provision  and  adaptation,  just 
■•  mach  as  the  stupendous  elephant,  or  even  proud 
^^bp  himself. 


Jf  HABRJET. 

I  have  often  been  struck  with  tlie  power  which 
flies  and  insects  have,  of  walking  up  perpendicular 
places,  and  even  along  ceilings,  upside  down.  Is 
e  any  thing  glutinous  in  tiieir  leet,  which  ena- 
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hies  them  to  adhere  so  securely  to  a  wall  ?  But  yet 
there  seems  to  be  nothing  of  a  sticky  nature  left 
behind,  that  indicates  such  to  be  the  case. 

DB.    A. 

The  circumstance  which  you  meotioD  b  a  very 
curious  one,  and  was,  for  a  long  time,  but  littl^ 
understood.  It  was  not  till  Sir  Everard  Home 
had  an  opportunity  of  examining  the  Lacert^ 
Gecko,  a  species  of  lizard,  which  is  a  native  ai 
Java,  lliat  any  light  was  thrown  on  tlie  subject^ 
Thb  animal  was  observed  by  Sir  Jos.  Banks  f 
come  out  in  an  evening,  from  the  roofs  of  tt 
houses,  and  walk  up  and  down,  with  perfect  e 
the  smooth,  hard,  polished  Chinam  walls,  usuql 
in  that  country,  in  searcli  of  flies,  which  are  iti 
common  food.  On  examining  the  feet  it,  wi^ 
found,  that  this  animal  has  five  toes,  at  the  en^ 
of  four  of  which  are  sharp  claws.  At  the  lowe| 
surface  of  each  toe,  are  sixteen  transverse  slit% 
leading  to  as  many  small  cavities  or  pockets,  wit^ 
fringed  edges;  and  connected  with  them  is  a  curiouq 
structure  of  muscles,  by  means  of  which  the  edget 
of  the  pockets  are  turned  down,  and  forcibly  kept 
upon  the  surface  on  which  the  animal  stands; 
while  the  muscles  within,  by  then-  action,  pull  up-J 
the  pockets,  and  produce  a  kind  of  vacuum  whichfrl 
tends  to  keep  the  animal  from  falling. 
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CHARLES. 

Then  these  Httle  pockets  may  be  considered  in 
the  light  of  suckers,  which  are  acte<l  upon  by  the 
will  of  die  animoi,  so  as  to  make  a  vacuum  nt 
pleasure,  and  thus  by  means  of  the  pressure  of  the 
aOnosphere,  to  render  the  animal  adherent  to  any 
Nibstaiice  against  gravity. 


This  is   precisely  the   case;  and    Sir    Everard 

bund  it  to  have  a  conaidemble  analogy  with  what 

^^Kcars  in  the  echinus  remora,  or  sucking-fish,  which 

^^^peres  to  tlic  bottoms  of  vessels.     In  flies  and 

^^^BCts  he  found  a  structure  exceedingly  similar, 

a  vacuum  being  formed,  at  pleasure,  by  means  of 

suckers  and  appropriate  muscles,  attached  to  the 

lower  part  of  the  feet  of  the  animal. 

», 
How  exceedingly  curious  and  interesting  this 
provision  is,  that  the  principle  of  the  air-pump 
should  be  applied  so  extensively  and  so  elegantly; 
bat  are  there  examples  of  a  similar  structure  in 
lai^er  animals  ? 

The  same  plan  has  been  found  to  be  adopted  in 
ihe  binder  flippers  or  feet  of  the  walrus,  or  sea- 
horse, which  are  mode  like  gigantic  webbed  hands, 
and  are  furnished  with  muscles,  which  can  raise 
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lip  the  centre  of  the  hand  when  laid  fiat,  and  thi 
toake  it  act  &b  a  cupping-glass,  to  prevent  the  ani- 
mal from  tailing  back  in  its  movements,  wbetber 
on  ice,  or  in  climbing  rocky  cliffs.  —  Other  animals 
use  tbeir  claws  in  climbing,  as  cats;  or  their  hands 
and  feet,  as  monkeys ;  or  their  tails,  as  sapajons, 
a  division  of  monkeys,  and  chamelions;  while 
some  birds,  as  woodpeckers,  can  support  tlieift«- 
selves  against  trees  by  the  pressure  of  their 
when  they  are  employed  in  seeking  their 
in  decayed  trees,  which  furnish  so  many  of  the 
insects  on  which  they  live.  —  The  form  of  the  Ik>- 
dies  of  animals,  and  the  disposition  of  tlieir  mus- 
cles, are  adapted  to  the  various  motions  which 
their  greatly  diversified  modes  of  existence  requirej 
but  you  will  hardly  think  that  a  particular  stri 
ture  is  bestowed  on  some  animals,  for  the  pui 
of  giving  them  a  facility  of  remaining  stationary. 

SOPHIA. 

This  would  be  very  curious,  for  an  animal  j 
stationary  when  it  does  not  employ  its  muscles. 


And  in  most  of  tiie  Mammalia  class  repose  coOh 
sists  in  the  recumbent  posture,  when  no  muscles 
arc  employed ;  for  you  will  observe  that  in  stand- 
ing,  there  is  a  contumed  action  of  the  extensor 
muscles  of  all  the  joints;  and  that  if  this  were 
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ceas^  or  be  suspended  froni  any  cause,  the  animal 
would  sink  to  the  ground.  —  Some  birds,  however, 
have  occasion  to  stand  very  lung  on  one  leg,  as 
storks ;  and  they,  as  well  as  jierching  birds,  have 
a  very  curious  conformation  of  limb,  which  I  must 
mention  to  you,  for  the  purpose  of  avoiding  the 
necessity  of  long  continued  muscular  action.  The 
upper  part  of  the  stork's  leg  has  a  projecting  piece 
of  bone,  which,  when  the  leg  is  extended,  is 
lodged  in  a  sort  of  depression  or  socket  in  the 
lower  part  of  the  thigh,  adapted  to  receiving  it. 
It  n  obvious  that  by  this  mode,  as  the  bearing  is 
perpendicular,  and  as  certain  ligaments,  like 
tprings,  keep  the  limbs  together,  they  are  in  a 
state  of  attachment  to  each  odier,  without  the 
operation  of  muscles,  and  therefore  without  the 
bljgue  of  muscular  exertion.  The  perching  birds 
are  able  to  maintain  dieir  hold  of  the  branches  of 
trees  without  constiuit  attention,  and  to  sleep  in 
that  posture.  This  they  do  by  means  of  the  ten- 
dons of  the  dexors  or  benders  of  tlie  toes  passing 
over  the  heels,  and  being  so  united  to  muscles 
arising  near  the  upper  part  of  the  thigh,  as  to  be 
acted  upon,  and  thus  to  bend  the  toes,  and  make 
them  grasp  any  particular  twig,  according  to  the 
pleasure  of  the  animal,  when  the  weight  of  the 
bodv,  in  perching,  presses  down  the  tliighs  and 
lej^.  At  the  same  time  the  flexibility  of  the  neck 
allows  the  head  of  the  bird  to  be  carried  back 
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and  placed  under  the  wing,  so  as  to  bring  tbft' 
centre  of  gravity  more  over  the  feet,  and  there*! 
fore  enable  the  bird  to  stand  more  steadily. 
Before  we  take  leave  of  the  muscles,  it  is 
sary  that  I  should  tell  you  something  of  tbe  nature 
of  muscular  flesh,  or  fibre,  as  it  is  usually  termed. 
—  I  have  already  stated  to  you,  that  the  fibres  of 
muscles  are  separated  from  each  other  by  cellular 
membrane,  a  substance  principally  consisting 
jelly  or  gelatine,  the  nature  of  which  I  point 
out  to  you,  when  we  were  on  the  subject 
of  the  integuments.  Long  continued  boiling, 
or  maceration  in  water,  separates  this  jelly,  and 
any  oUier  extraneous  substance,  and  leaves  tbe 
muscular  fibre  in  nearly  a  pure  state.  We  then 
find  it  to  be  a  whitish,  insipid,  stringy  substance, 
insoluble  in  water,  and  hardly  at  all  putrescent.  It 
is  termed  fibrine,  and  is  considered  as  a  species  of 
condensed  albumen.  It  is  similar,  as  we  shall 
afterwards  find,  to  one  of  the  most  important  com- 
ponent parts  of  the  blood,  and  it  has  a  material 
share  in  the  nutriment  of  man,  and  of  many  other 
animals.  ' 
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HAIIRIET.  -3 

It  seems  to  be  very  remarkable,  that  a  tastelesi 
and  insoluble  part  should  be  so  important  in  nou- 
rishing the  body.  I  should  have  thought  that  the 
boihng,  which  you  speak  of,   would  take  1 
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of  nourishment  &om  the  flesh  which  hats 
subjected  to  it. 


I  do  not  mean  to  sajj  that  in  the  state  to  which 
h  is  brought  by  boiling  or  maceration,  it  would 
be  well  adapted  for  nourishment.  At  any  rale  it 
would  not  be  an  agreeable  article  of  support :  but 
in  the  form  in  which  it  exists  as  common  fleshj  its 
parts  are  so  i>eparated  by  the  jelly,  albumen,  and 

ler  substances  adhering  to  it,  as  to  be  more 
ily  digested  than  ii  could  be  in  its  separate  form. 


HARRIET. 

Then  the  particular  flavour  of  animal  food  ex- 
ists, I  suppose,  in  the  jelly  which  is  obtained  from 
the  meat  by  boiling  it. 

k  DR.  A. 

p  If  the  broth  is  boiled  down,  so  as  to  become  a 
dry  extract,  and  alcohol,  or  the  strongest  spirit,  be 
poured  on  it,  a  portion  of  this  extract  Is  found  to 
be  dissolved,  which  is  recovered  on  driving  uH'the 
spirit.  The  part  so  recovered  is  what  gives  the 
particular  flavour  to  meat,  and  has  been  termed 
ofiinazonie.  It  is  to  be  remarked,  however,  that 
fibrine,  though  Insoluble  in  water,  is  soluble  in 
some  acids ;  and  that,  with  nitric  acid,  it  is  con- 
vened into  a  very  curious  fatty  substance,  called 
adipocere,  which  has  obtained  a  great  deal  uf  fame 
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in  animal  chemistry.     The  notice  oF  this  circuin 
stance  leads  me  to  mention  a  very  extraordinai 
spontaneous  change  which  muscular  fibre  undei 
goes,  when  placed  under  certain  peculiar  circum^fl 
stances. 

At  Paris  there  was  a  very  large  burying  groui 
called  La  Cimetiere  des  Innocens,  which  had  V 
for  a  very  long  period,  the   receptacle  of  about 
SOOO  bodies  annually,  which  were  buried  in  deep 
pits,  containing  layers  of  1200  or  1500  ;  and  these 
covered  over  with  enrtli,  again  and  again,  till  there 
was  an  elevation  much  above  the  natural  height 
of  the  soil.     Complaints  having  been  h>ng  made  of 
the  insalubrity  of  ihe  air,  by  the  continuance  of 
this  mode  of  inhumation,  it  was  determined,  in 
the  year  1782,  to  remove  the  soil  and  its  contents; 
and  when  tliis  was  set  about,  it  was  found  that  t] 
corpses  were  not  very  offensive,  and  that   i 
part,  except  thehair,  bones,  and  nails,  was  converte 
into  a  f^OTl  of  cheese-like  substance,  of  a  grey  brow! 
colour,  not  unlike  spermaceti  in  texture.      Thli^ 
change   wa^i  effected  by  ihe  putrefactive  procesir^ 
going  on  in  a  confined  place;  and  new  combinations 
occurring,  from  the  malerinls  of  which  the  body 
was  composed,  acting  upon  each  other. — A  similar 
change  has  been  produced  by  tlie  action  of  nitriffj 
acid  upon  muscles;  and  it  is  found,  likewise,  thai 
if  a  piece  of  beeti  or  other  animal  substance,  i; 
posed  long  in  a  running  stream,  it  is  convertec 
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Ms  a  similar  substance.  The  substance  re- 
mnbled  very  much  that  which  I  have  mentioned, 
as  being  produced  by  the  action  of  nitric  acid  on 
muscle. 

These  singular  changes  which  can  be  effected 
in  the  state  of  the  muscular  fibre,  gave  to  some 
gentlemen  the  hopes  of  being  able  to  turn  to  use,  and 
profit,  the  flesh  of  such  animals  as  are  not  used  as 
food,  and  are  at  present  doomed  to  putrefaction ;  but 
the  attempt  has  been  long  given  up,  on  account  of 
its  having  been  found  impracticable  to  purify  the 
bay  mass  sufficiently. 


d 
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I  HAVE  already  stated  to  jou,  that  nenes  are  siaaO 
white  cords,  of  various  sizes,  which  take  their  origitl 
from  the  brain,  or  the  spinal  marrow,  are  diffusec 
over  every  part  of  the  body,  and  are  the  mej 
by  which  sensations  are  conveyed,  and  the  wH 
exercised.  The  subject,  however,  requires  morft 
particular  elucidation;  and  I  propose  it  as  I 
employment  of  the  present  occasion. 

The  brain  is  dint  particular  orgtui  which  i| 
placed  in  the  head.  It  consists  of  two  parts,  one 
of  which,  the  anterior  and  larger,  is  termed  the 
cerebrum,  or  brain ;  and  the  other,  which  is  ih« 
smaller,  is  seated  at  the  lower  part  of  the  back  oi 
the  head,  and  is  denominated  the  cerebellum,  of 
little  brain  ;  but,  in  common  language,  the  whole 
contents  of  tlie  head  are  termed  the  brain. 

CHARLES. 

Is  the  brain  capable  of  being  divided  into  di^ 
ferent  parts  ? 


;rvous  system. 


Most  minutely;  but  I  do  not  think  this  division 
will  interest  or  instruct  you  ;  and  I  shall  give  you 
DO  more  of  it,  than  is  merely  necessary  to  afford  a 
general  view  of  the  nervous  system. 

SOPHIA. 

The  brain  must  surely  be  exquisitely  sensible, 
it  Is  the  organ  of  sensation  in  the  body? 


■  SBBer 
H'  Th 

r 


In  that  you  are  mistalcen.  The  substance  of  the 
brain  is  entirely  devoid  of  sensibility,  though  it  is 
the  last  apparent  link  in  the  chain  of  sensation; 
that,  beyond  which,  further  investigations  have 
hitherto  ended  in  nothing  but  idle  and  useless  spe- 
culations.— Thebrainismade  up  of  a  kind  of  pulpy 
matter,  grey  in  the  outer  part,  which  is  termed  the 
cortical  or  cineritious  substance,  from  its  external 
position  and  its  ash  colour ;  and  white  within,  which 
is  termed  the  medullary,  from  being  of  the  white 
colour  of  marrow.  Its  external  part  is  composed 
of  what  are  termed  convolutions,  or  doublings,  like 
the  puckers  of  dress ;  and  the  whole  is  protected 
by  three  membranes,  or  thin  coverings,  the  two 
exterior  of  which  stretch  over  the  doublings ;  while 
the  interior  accompanies  and  covers  every  part  of 
^xm,  dipping  down,  and  returning,  for  the  purpose 
of  passing  on  to  the  next  convolution.  These  mem- 
branes are  termed  likewise  the  meninges  of  the 
K  3 
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brain,  and  the  outer  is  called  the  dura  mater;  the 
inner  the  pia  mater;  and  the  middle,  from  its 
being  as  thin  and  fine  as  a  cobweb,  the  arachnoid 
coat.  It  must  be  observed,  however,  that  the  outer 
coat,  the  dura  mater,  which  is  very  thick  and 
strong,  and  which  is  firmly  attached  to  the  inside 
of  the  skull,  and  divisible  into  two  lamince,  though 
it  does  not  pass  into  the  convolutions  of  the  brain, 
yet  fonns  certain  expansions,  called  processes, 
which  separate  tlie  hemispheres  from  each  other, 
as  well  as  the  cerebrum  from  the  cerebellum.  It 
also  forms,  between  its  laminte,  certain  cavitie*^ 
called  sinuses,  which  answer  the  purpose  of 
larger  veins  in  other  places. 


i 


CHARLES. 

I  cannot  conceive  what  relation  the  names,  dura 
and  pia  mater^  can  have  to  the  nature  or  uses  of 
these  coverings. 

DR.  A.  J 

They  are  fancitiil  enough;  but  the  appellaticKlf I 
of  mater,  or  mother,  is  given,  from  their  being  1 
supposed  to  be  the  source  of  all  the  other  mem- 
branes; and  dura,  hard  or  firm,  is  applied  to  the 
outermost,  from  its  great  comparative  firmness  and 
tenacity ;  while  pia,  pious,  natural,  or  affectionate, 
Uapplied  to  the  innermost,  from  its  taking  the  brain 
into  its  folds,  and  embracing  it,  as  a  good  mothw  i 
does  her  child.     You  will  thus  see  that  a 


I 


inouiw  I 
latomis^H 
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:  jast  been  as  ^ncifiil,  in  their  epithets,  as 
ronomers,  in  the  names  which  the  latter  have 
giren  to  the  different  constellations.  —  The  cere- 
brum is  divided,  vertically,  from  before  backwards, 
into  two  hemispheres,  or  half  spheres,  called  the 
right  and  left  hemispheres.  It  is  united  at  its 
bwer  part,  to  the  ce  rebel  him,  and  from  them  both 
proceeds  the  spinal  marrow,  which  is,  as  I  have 
before  mentioned,  the  substance  contained  !u  the 
cavity  of  the  back  bone,  or  spine. 
From  the  litde  sketch  which  I  now  show  you, 
a  will  form  an  idea  of  the  mode  in  which  the 
rebrum  and  cerebellum  are   distributed  in  the 


I,  this  being  a  vertical  section.    The  cerebrum 
njpies  the  whole  upper  part  (a  a  a)  of  the  skull, 
K  4- 
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and  the  cerebellum  is  confined  totheverylowestaod 
back  part  of  it  (6).  In  the  cerebellum  you  will  ob- 
serve, that  the  medullary  ami  cortical  matter  are  so 
distributed,  as  to  assume  an  arborescent  appearance 
which  has  beeu  called  the  tree  of  life,  arbor  vit», 
In  the  cerebrum,  on  the  other  hand,  the  externa] 
cineritioiis  matter  has  more  the  aspect  of  a  dark, 
undulating  border,  round  a  M'hite  centre  of  medul- 
lary substance.  Tlie  medulla  oblongata,  or  obt 
long  marrow,  (c),  lies  at  the  Irottom  of  the  cere- 
brum, immediately  before  the  cerebellum,  and 
is  the  term  given  to  the  spinal  marrow,  till  it  ieavoi 
the  skull. 

In  another  little  sketch,  you  must  suppose  Ot^ 
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brain  talien  out,and  placed  with  its  base  uppermost. 
There  will  then  present  themselves  the  brain  {a  a), 
the  cerebellum  {b  b),  the  medulla  oblongata  (r), 
tenniDoUng  in  the  spinal  marrow  {d). 


Is  the  brain  entirely  solid,  and  continuous,  i 
s  it  any  cavities  ? 


tbsit 
It  has  four  cavities  or  ventricles,  as  ihey  are 
called,  which  contain  generally  a  small,  but  in 
bydrocephaius,  or  water  in  the  head,  fc^quently 
B  large  quantity  of  fluid.  The  two  first  are  de- 
ttomuiated  tlie  lateral  ventricles,  the  others  the 
[bird  and  fourth,  and  they  all  communicate  with 
CBch  other :  but  of  these,  and  various  points  in  the 
tDinate  anatomy  of  the  brain,  It  is  impossible  to 
farm  any  idea  from  description,  and  very  little 
from  even  the  beat  drawings.  From  the  lower 
part  of  the  brain,  nine  pairs  of  nerves  pass  off 
through  small  holes  in  the  skull,  principally  to  the 
o^ans  of  sense,  and  the  muscles  of  the  face,  eye, 
forehead,  and  tongue.  From  the  whole  length  of 
the  spinal  marrow,  thirty-one  nerves  are  sent  out, 
{rom  each  side,  through  appropriate  holes.  Tliese 
last,  either  separately,  or  In  various  combinations 
with  each  other,  or  with  branches  transmitted  from 
some  of  the  nerves  of  the  head,  furnish  ail  the  other 

Cand  internal  parts  of  the  body  with  the 
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infiuence  which  is  necessary  to  the  exercise  of  their 
respective  functions. 

CHARLES. 

Does  it  appear  to  you,  that  there  are  any  pafr 
ticular  parts  of  the  brain  which  may  he  considered^ 
as  more  especially  the  source  of  our  feeling  ?  { 
have  heard  of  some  notions  relative  to  the  pini 
gland  being  the  seat  of  the  soul.  I  think  it  v 
Descartes's  idea. 


It  was  so ;  but  this  was  nothing  more  than  a  1 
vagary  of^  the  imagination.  The  pineal  gland  is,  in 
truth,  R  very  small  glandular  body,  like  a  pea,  very 
deep  seated,  and  attached  to  the  contiguous  parts 
by  a  small  peduncle.  It  is  remarkable  for  always, 
in  adults,  having  a  portion  of  sandy  matter  in  it, 
which  is  the  phosphate  of  lime.  But  this  circutn>  ] 
stance,  wltli  very  few  exceptions,  is  contined  to  tl 
human  race.  Some  other  parts  of  the  brain  hart 
with  equal  reason,  been  elevated  to  the  same  digni^fl 
which  Descartes  conferred  on  the  pineal  gland. 

CHARLES. 

Philosophers  seem  to  have  racked  their  ingenui^l 
to  discover  a  certain  centre,  or  seat  of  sensatioiul 
Instead  of  making  this  in  the  centre  of  the  hea^l 
which  seems  to  be  the  natural  position  for  it.  Gall 
and  Spurzlieim,  1  think,  place  it  in  the  very  outside, 
and  direct  us  to  look  for  the  seat  of  mental  tt 
in  mere  elevations  of  the  skull. 
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Their  ideas  are  speculative  enough,  but  you  do 
not  quite  understand  tlieir  bearing.  The  elevations 
of  skull  are  only  viewed  as  indications  of  propor- 
tional elevations  of  brain,  in  which  the  organs  of 
particular  faculties  are  supjiosed  to  reside.  The 
skulf  itself,  being  oiiginally  soil,  was,  as  it  were, 
moulded  upon  the  brain,  and  took  its  shape  from 
it;  and  on  the  surface  of  the  various  parts  of  the 
Utter,  it  is  supposed,  that  tlie  organs  of  the  various 
fiunilties  are  placed,  forming  certain  projections, 
cognizable  by  means  of  the  bony  elevations  formed 
upon  them. 

CHARLES. 

But  I  have  heard  of  various  injuries  of  the  brain, 
by  which  portions  were  lost,  and  yet  the  patient 
completely  recovered.  Now  I  do  not  understanil 
how  this  could  be  the  case,  when,  according  to  this 
doctrine,  the  removal  of  no  part  could  occur,  with- 
out the  corresponding  loss  of  an  organ,  or  part  of 
an  organ. 


The  founders  of  craniology,  cranioscopy,  or 
]brenology,  (for  it  is  known  by  all  these  names), 
lave  anticipated,  if  not  removed  this  difficulty,  by 
stating,  as  a  basts  of  the  doctrine,  that  the  organs 
are  aU  of  them  double,  and  tlmt  in  all  the  instances 
wbkh  have  occurred  of  loss  or  destruction  of  any 

Cir  part  of  the  brain  involving  an  organ, 
K  6 
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the  opposite  organ  remained  untouched,  and  wa^ 
therefore,  sufficient  to  carry  on  its  particular  fiinc 
tion,  just  as  one  eye  will  answer  the  purpose  of 
vision,  when  the  other  happens  to  be  lost.  It  a 
also  to  be  observed,  that  though  Gall  and  Spura- 
heim  make  the  seat  of  the  organs  external,  thqf 
deduce  their  origin  from  deep-seated  parts,  as  d 
ihall  endeavour  to  explain  to  you. 

I  have  already  mentioned,  that  there  are  I 
particular  parts,  of  which  the  tnibstance  of  tb* 
brain  is  composed,  the  cortical  or  cineritious,  and 
the  medullary.  Gall  and  Spurzheim  consider  t 
latter  as  fibrous,  and  suppose  that  it  was  derivedj 
from,  or  produced  by,  the  cineritious  substance 
which  they  regard  as  the  first  that  existed  in  tbet 
original  formation  of  the  brain,  and  as  that  which* 
by  means  of  its  numerous  vessels,  formed  tbft 
medullary  or  fibrous  part,  in  which  last  they  likcH 
wise  comprehend  the  nerves.  They  endeavour  10 
show,  tliat  tlie  fibrous  matter  is  invariably  Hk 
product  of  the  grey  or  cineritious;  and  think  thq 
can  trace  the  whole  of  both  cerebrum  and  cerebel>4 
lum,  to  the  medulla  oblongata,  from  which  th^ 
imagine  tliat  they  had  their  ultimate  origin.  In 
the  whole  contents  of  the  head,  as  well  as  in  the 
spinal  marrow  which  descends  from  it,  they  statqj 
that  the  grey,  or  cineritious  matter,  is  so  dispose^i 
as  to  keep  up  the  fibrous;  and  hence  they  infer,; 
that  the  different  parts  of  the  brain  and  of  the 
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ipinal  marrow ;  that  the  nerves  which  proceed 
fiom  the  brain,  anil  which  chiefly  supply  the  or- 
gans of  sense ;  that  those  whicli  issue  from  the 
ipinal  marrow,  and  are  principally  devoted  to  the 
muscles ;  and  that  those  which  are  distributed  within 
the  chest,  and  the  cavity  of  the  abdomen,  have  no 
common  »)urce,  but  that  every  part  has  its  sepa- 
rate origin,  and  that  the  various  parts  now  men- 
tioned, are  only  brought  into  a  sort  of  general 
CMnmunication  with  each  other. 

This  is  therefore  a  sketch  of  their  anatomy  of  the 
fanin  and  nerves.  Now  they  suppose  that  there 
b  a  peculiar  organization  bestowed  on  different  ■ 
parts  of  the  surface  of  the  brain,  just  as  there  in 
to  the  organs  of  sense,  in  order  to  communicate  to 
OS  the  fecultics  of  memory,  imagination,  and  judg- 
ment, as  well  as  of  every  other  power  and  propen- 
lity  which  may  be  possessed.  But  as  they  deduce 
the  brain  originally  from  the  medulla  oblongata, 
they  suppose  that  this  is  the  ultimate  origin  of  the 
particular  organ,  wliich  is  developed,  and  made  6t 
for  its  office  on  the  external  surface  of  the  brain. 

CHARLES. 

Then,  in  fact,  we  may  consider  the  organ  as 
Ecxtending  from  the  medulla  oblongata,  and  com- 
I  .prehended  between  two  radii,  lerminating  at  the 
B'Sttr&ce  of  the  brain. 

So  it  would  appear ;  but  then  as  the  organ  has 
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both  width  atitl  breadth  at  the  circumference  or 
surface,  it  may  be  likened  in  some  degree  to  a  cone, 
having  its  apex  in  the  medulla  oblongata,  and  its 
basis  at  the  surface  of  the  brain.  The  whole  of  the 
system  of  organs  has  been  compared,  by  phreno- 
logists, to  an  inverted  cone;  but  each  particultir 
organ  seems  to  be  a  cone  likewise,  according  to  the 
descriptiongivenof  them;  and  in  consequence  of  the 
space  which  they  thus  occupy,  attempts  have  been 
made  to  note  them  by  an  instrument  to  which  the 
name  of  cranloineter  has  been  given.  This  is, 
however,  a  re&nement  which  originatec]  with  the 
disciples  of  Gall  and  Spurzheiin,  and  not  with 
tliemselves. 

H  Alt  RIFT. 

I  have  talked  with  friends  who  attended  Dr. 
Spurzheim's  lectures  when  he  was  in  this  country, 
and  were  quite  in  raptures  with  organizations,  de- 
velopments, and  manifestations.  I  should  be  ver>* 
curious  to  have  the  seat  of  the  different  faculties 
pointed  out ;  for,  to  confess  the  truth,  I  find  it 
rather  difficult  to  follow  the  anatomical  description 
which  you  have  given  us. 

DR.    A. 

I  am  glad  that  I  have  it  in  my  power  to  shew 
you,  from  Dr.  Spurzheim's  craniological  work,  a 
side,  front,  and  back  sketch  of  a  head  ;  on  which 
you  will  see  that  the  situation  of  tlie  different  facul- 
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ties  arid  propensities  is  designated  by  particular 
numbers.  The  respective  organs  are  arranged  in 
three  divisions ;  namely,  those  relative  to  the  prO' 
pensities,  which  are  situated  on  the  lower  part  of 
the  head,  and  are  numbered  from  1  to  9:  those 
relative  to  sentiments,  which  are  plnced  on  its 
upper  part,  and  are  numbered  from  9  to  18 :  and 
those  relative  to  intellect,  which  have  their  seat  in 
Ant  fore-part  of  the  head,  and  are  numbered  from 
18  to  33.  The  limits  of  the  respective  organs  are 
denoted  by  Hues ;  but,  in  order  to  show  you,  at 
one  glance,  the  particular  position  of  the  organs  of 
the  propensities,  of  the  sentiments,  and  of  intellect, 
I  have  made  a  broader  line  to  denote  the  boundary 
ofeach  of  the  general  divisions  of  those  organs. 

The  seven  organs  which  relate  lo  the  propensi- 
ties, with  their  respective  numbers,  are  as  follow  : 

No.  1.  Amaliveness ; 

No.  2.  Philoprogeuitiveness,  or  love  of  offspring; 

No.  3.  Inhabitiveness,  or  the  attachment  to  par- 
places  ; 

No.  4.  Adhesiveness,  or  attachment  to  particular 

livid  uals ; 

Combative ness,  courage,  or  the  love  ot 
iling; 

No.  6.  Destructive  ness,   or   the  propensity   to 

itroy ; 

7.  Constructiveness,  or   the  propensity  to 


No,  8.  Covetiveness,  or  Acquisitiveness,  the  dis- 
posidon  to  covet,  and  to  pilfer  ;  and 

No,  9,   Secret!  veness,  that  to  conceal. 

The  nine  next  organs  relate  to  sentiments,  and 
are  as  follow : 

No.  10.  the  organ  of  Self-love  ; 

»No.  U.   thHt  of  the  Love  of  Approbation ; 
Vo.  12.  of  Cautiousness  ; 
No,  IS.  of  Benevolence  in  man,  or  Meekness  In 
animals ; 

No.  14.  of  Veneration ; 
No.  IS.  of  Hope  and  Faith; 
No.  16.  of  Ideality,  or  poetical  talent;  imme- 
diately  above  which  is  a  blank  space,  which    is 
ipposed  to  be  the  seat  of  the  organ  of  Wonder ; 


k 
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No.  1 7-  The  organ  of  Righteousness,  or  Con- 
scienlJousness  ; 

No,  18.  That  of  Firmness,  or  Deterniinativeness*  \ 

On  the  front  of  the  head  are  the  organs  of  in- 
tellect, which  take  cognizance  of  the  existence  and  I 
qualities  of  external  objects;  and  therefore  cotn-J 
bine  their  operations  with  the  five  senses,  heaNf 
ing,   seeing,    smelling,   taste,    and   touch,    which  ' 
form  the  means  by  which  man  and  animals  are 
more    immediately    brought    into    communication 
with  the  external  world.     The  organs  of  intellect  ■ 
are, 

No.  19.  that  of  Individuality ;  or  the  desire  a 
capacity  to  know  facts  and  things ; 

No.  20.  that  of  Form ; 

No.  21.  of  Size; 

No.  22.  of  Weight ; 

No.  23.  of  Colour ; 

No.  24.  of  Space  or  Locality; 

No.  26.  of  Order ; 

No.  26.  of  Time; 

No.  27.  of  Number ; 

No.  28.  of  Tune; 

No.  29.  of  Language ; 

No.  30.  of  Comparison ;  that  of  seeing  resem-l 
blances,  differences,  and  analogies; 

No.  31.    of  Causality,   or  the  love  of  meta- 
physics ; 


I 

I 


or  THE  BRAIK  AND  NERVOUS  SYSTEM.       21  t 

No.  32.  of  Wit ;  and  lastly, 
No.  33.  of  Imitation. 

CHARLES. 

Wliat  a  curious  assemblage  is  here  brought  to- 
gether. Such  a  cluster  of  virtues  tiixd  vices,  sym- 
pathies and  endowments,  just  as  bewildering  as 
are  the  stars  on  a  globe,  or  in  the  heavens,  to 
Dniofornied  in  astronomy.  But  I  am  most 
Mtonished  at  the  idea  of  the  organs  of  crime;  of 
■  propensity  to  destroy,  and  a  propensity  to 
[uUer.  According  to  this  system,  a  culprit  may 
put  his  hand  to  his  head,  and  plead,  in  abatement 
of  punishtnenl,  the  protrusion  of  a  well-developed 
Cone,  the  manifestation  of  a  full-grown  bump. 
Hiere  would  be  no  resisting  his  plea. 

HARRIET. 

l^rticukrly  when  he  could  claim  a  sort  of  sym- 
pathy or  fellow-feeling  with  the  jwdge  and  jury ; 
fcr  if  I  understand  the  doctrines  of  craniology 
aright,  the  organs  are  common  to  all  mankind ; 
•ome  persons  only  possessing  a  greater  amplitude 
of  particular  organs  than  others. 

SOPHIA. 

fiut  then  you  forget  that  what  might  he  bis  jus- 
tification, might,  with  a  craniological  judge  or  jury, 
be  bis  conviction ;  for,  among  true  believers,  if 
evidence  were  at  all  dubious,  there  would  be  no 
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withstanding  a  well-tnarked  elevation  in  a  critical 
spot. 

HARRIET. 

But,  Charles,  I  think  the  prisoners  at  the  Old 
Bailej  receive  the  reflection  of  a  looking-glass 
upon  them,  in  order  to  exhibit  their  countenances 
to  the  jury.  This  would  be  rather  an  unfair  ad- 
vantage given  to  an  acute  phrenological  juryman: 
and  as  the  English  law  is  merciful  in  its  applica- 
tion, such  a  power  of  inspection  should  not  longer 
be  permitted. 

*  SOPHIA. 

There  is  one  mode,  however,  by  which  the  me^- 1 
sure  which  you  propose,  Harriet,  would  be  ren-  [ 
dered  unnecessary. 

HARRIET. 

And  what  is  that,  Sophia  ? 

SOPHIA. 

B]r  furnishing  the  prisoners  with  either  wigs  or  1 
night-caps. 


Upon  my  word,   good  people,   craniology  is 
rather  roughly  handled  by  you.     I  must  tell  you, 
however,  tliat  you  may  save  yourselves  the  trouble 
which  you  propose ;  for  there  is  no  discovering  a  i 
projection  which  is  covered  with  hair,  unless  by  J 
the  touch ;  and,  therefore,  your  fears  for  our  crimi-  ] 
nal  jurisprudence  may  vanish. 


I 
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But  I  think  it 
titni,  by  whatever 
weU-tnanifested  < 
iHRi,   would  be 
■goUt. 


HARRIET, 

■it  be  Hilmitted,  that  the  detec- 

leatis  it  may  be  eifected,  of  a 

■fj.in  of  cuvetiveness  or  destrac- 

i   strong  confirmatory  proof  of 


The  Bow  Stre*^ 
some  important  li 
ing  to  the  seats  ol 
Birnie,  Mr.  Cluiii 
himself  might  di 
detection  of  crinx; 
BdideDts  of  phrti 
coDudering  how  n 
tares  were  attends 
in  all  parts  of  <];■ 
lime,  ofpersoii'-  !; 
racters,  merely  if  > 
development. 


•IHicrs  might,  at  any  rate,  get 
-  Ill  their  vocation,  by  attend- 
:■  ]  rii[iensities;  and  Sir  Richard 
■I-,  Mini  even  the  Lord  Mayor 
vt-  IK)  little  advantage  in  the 
il'  lliey  would  become  zealous 
'^ay.  I  should  not  wonder, 
miously  Dr.  Spurzheim's  lec- 
III  Ijoth  ends  of  the  town,  and 
I-  iimry,  to  hear,  in  no  long 
I  liiken  up  as  suspicious  cha- 
L'  tliey  po!isess  an  unfortunate 


Care  must  b''  i 
puticaUrly  if  <'•■'■ 
lopipenthas  n<>i  >' 
■  Bst  or  a  cud^ -L 


however,  in  such  a  case, 
■-,  lire  Irish,  that  the  deve- 
'i;d  from  the  operation  of 


As  the  OI;gall^ : 
other  kide  woiiM 


iililf,  nn  examination  of  the 
up  the  difficulty. 
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HABRIET. 

But  to  speak  seriously,  I  feel  a  great  difficulty 
in  considering  virtues  and  vices  as  dependent  od 
certain  structure ;  and  I  should  lil<e  to  know  how 
persons  can  be  regarded  as  accountable  for  their 
actions,  in  whom  nature  has  not  only  planted  the 
seeds  of  virtue  or  vice,  but  actually  brought  them 
to  great  maturity.  Is  it  supposed  that  any  sort  of  { 
moral  control  is  capable  of  being  exercised,  vhich  I 
can  aifect  the  developement  of  certain  organs  ? 

DR.  A. 

Spurzh^m  says,  that  the  inferior  Ibculties  sboijld  i 
be  subordinate  to  the  superior,  and  that  the  vio-  J 
tory  which  the  superior  faculties  gain  over  the  in- 
ferior, is  virtue.     If  the  combat  is   difficult,  the  ^ 
merit  of  vanquishing  is  great;  and  if  in  all  men, 
he  adds,  the  su(>erior  faculties  were  eminently  ac- 
tive, and  the  inferior  less,  and  only  proportionate, 
every  one  would  do  good  from  the  love  of  doing 
so.     One  of  his  most  nble  and  zealous  disciples, 
Mr,  Combe,  exemplifies  tlie  effects  of  education, 
by  supposing  two  persons,  in  whom  the  organs  are 
developed  in  an  average  degree,  and  one  of  them 
educated  among  people  of  sordid  and  mercenarv 
dispositions,  the  other  in  moral  and  religious  so- J 
ciety.     The  first  would  have  covetiveness  and  self 
love  highly  cultivated,  and  therefore  self-interest  J 
would  be  his  leading  object.     The  organ  of  lovo  " 
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of  approbation  might  co-operate  and  produce  the 
desire  of  distinction  ui  wealth  or  power ;  and  ve- 
neration, that  of  admiring  the  rich  and  great: 
while  conscientiousness  miglit  be  too  weak  to  o^r 
Bay  control.  On  the  other  hand,  with  the  se- 
cond, the  love  of  approbation  would  desire  esteem 
for  btmourable  and  virtuous  actions ;  and  covetive- 
oess  would  be  viewed  principally  as  the  means  of 
procuring  gratification  to  these  highei:  powers. 
Hence  he  considers,  tUat  the  practical  conduct  of 
such  persons  might  be  very  different,  from  this 
ctiSerence  of  training.  One  organ,  it  appears, 
must,  therefore,  be  opposed  to,  or  made  to  co- 
operate with  another;  but  whether  the  eflect  of 
tbia  is  an  additional  elicitnient  of  one  organ  which 
mmy  be  scantily,  or  tlie  diminution  of  another 
which  may  be  abundantly  developed,  does  not 
qoite  appear. 


There  is,  1  suppose,  some  connection  traceable 
between  the  organs  of  sense  and  the  brain ;  and  1 
should  be  anxious  to  know  whether,  i[]  phi'enology, 
any  apparent  designation  or  division  of  organs 
eicists,  or  any  thing  which  can  point  out  die  ter- 
mination of  one  organ,  or  the  commencement  of 
another. 

DR.  A. 

All  the  organs  of  sense  are  constituted  of  an 
expansion    of  nerves,   and   in   those   which   are 
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placed  in  the  head,  the  nerves  are  traceable  to  the 
seat  of  the  organ.  Nothing  oi  this  kind  can,  hoi 
ever,  be  said  of  any  of  those  organs  which  are  dn; 
scribed  by  phrenologists,  and  no  particular  divr^ 
sions  are  apparent,  ex('e|)t  the  mere  elevation  c 
the  surface  of  the  brain,  which  answers  to  the  pro* 
minence  externally.  Suth  is  the  deduction,  at 
least,  which  is  made  on  an  ordinary  inspection  of 
the  convolutions  of  the  brain;  and  this  I  belier^i 
was  also  the  original  idea  eiitertiiiued  on  the  sub- 
ject by  Gall  and  Spurzheini. —  Spurzheim,  bow- 
ever,  it  must  be  obseived,  1ms  stated  in  a  late 
work,  that  he  can  at  any  time,  by  an  inspection 
of  any  given  portion  of  the  convolutions  of  the 
brain,  determine  the  particular  part  of  the  brain 
from  which  it  has  been  laken,  and,  therefore,  the 
particular  organ  to  which  it  belongs.  This  is  a 
minuteness  of  discrimiiinlion  which  is  very  extrar- 
ordinary ;  and  I  should  be  exceedingly  curious  to 
see  it  put  to  the  test. 

CHARLES. 

But  are  elevations  of  skull  always  necessarily  1 
indicative  of  corresponding  elevations  of  bnun  7 


Generally,  but  not  invariably  so;  for  at  th«^l 
eye-brows,  for  instance,  the  elevations  are  those  f 
of  the  walls  of  tlie  frontal  sinuses,  which  are  ca-  | 
vities  existing  there,  varying  in  magnitude  in  dit  ' 
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rent  individuals,  and   comtnuiiic&ting   with  the 

These  elevations  therefore  do  not  evince 

■At  prominences  of  the  brain  within ;  for  the  inner 

B  of  the  projecting  pari  does  not  come  in 

ccmtact  with  brain.     The  same  fanppens,  likewise, 

as  to  some  of  Uie  projections  near  the  basis  of  the 

skall,  in  the  neighbourhouil  of  the  ear. 

HAniUET. 

Do  tbe  phrenologists  think  that  there  is  any 
sort  of  analogy  between  the  mode  in  which  the 
dispositions  of  men  and  brutes  are  indicated  ?  for 
1  observe  that  the  I3th  organ  is  called  that  of  be- 
nevolence in  men,  and  of  meekness  in  nniiiials. 

DR.  A. 

They  certainly  derive  many  of  their  facts  and 
reasonings  from  considering  the  form  of  the  brain 
in  animals,  as  well  as  man;  and,  in  particular,  tbe 
whole  of  the  organs  which  relate  to  the  propen- 
sities are  considered  to  be  in  common  to  Iwth. 

Tbe  organ  of  deslruclivencss,  they  maintain,  is 
possessed  in  a  high  degree  by  carnivorous  ani- 
mals ;  and  by  some  of  these  more  than  others ; 
for  wliile  certain  animals  only  kill  what  they  re- 
quire for  food,  others  destroy  for  the  pleasure  of 
tbe  thing ;  just  like  a  little  naughty  dog  of  Gall's, 
who  used  to  watch  several  hours  for  a  mouse, 
bat  would  leave  it  as  soon  as  it  was  destroyed. 
The   organ   is    vefy  large   in    lions,  tigers,   and 
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keen  s|iortsnieii ;  and  was  found  to  be  greatly  ill 
veloped  ill  the  heads  of  Thurtell,  Bellinghi 
Buonaparte,  and  King  Robert  Bruce ;  the  skeleton 
of  which  last  personage  was  discovered  some 
years  ago  at  Dumfermliiie,  and  the  skull  formi 
the  subject  of  a  long  paper  in  the  Phrenoli 
Transactions. 

The  organ  of  comhativcness  is  large 
ribs,  and  in  the  lower  Irish ;  and  was  more  re- 
markable in  all  classes,  in  former,  than  more 
cent  times.  King  Robert  Bruce  had  an  ampl^ 
organ  of  this  kind.  So  have  carnivorous  animals, 
and  game  cocks ;  and  last  of  nil,  that  amiable 
specimen  of  the  softer  sex,  the  scold. 

SOPHIA. 

But  surely  you  are  not  serious  in  the  exampla 
which  you  give  us  of  the  application  of  phrenologjrla 
Are  such  exemplifications  actually  to  be  found  id  fl 
authors  ? 

DK.  A. 

Assuredly;  and  you  ought  to  take  the  ia*i 
formation  very  seriously,  for  it  is  so  given.  —  The  I 
love  <^  off^ing  is  greater  in  women  than  i 
and  their  peculiar  organ  is  therefore  larger. 
Of  twenty-nine  women  who  were  infanticides, 
twenty-five  had  this  organ  very  small.  It  exists  in 
a  considerable  extent  in  cows,  sheep,  dogs,  mon- 
keys, and  |)oultry. 
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^^k  Magpies  and  ravens  carry  away  money  and 
^^Tpoons,  and  gather  stones,  and  similar  things  of 
which  they  cannot  make  use.  Some  dogs  prefer 
bad  bits,  which  they  steal,  to  good  dishes  which  are 
given  to  them:  these  animals,  it  is  said,  have  the 
organ  of  covetiveness  strongly  marked.  Spurz- 
faeim  tells  a  story  of  a  young  Calmuck,  who  was 
brought  from  Russia  to  Vienna,  by  Count  Stah- 
remberg,  and  became  melancholic  and  nostalgic, 
because  his  confessor,  who  instructed  him  in  reli- 
^on  and  morality,  had  forbidden  him  to  steal. 
The  confessor,  in  consequence,  gave  him  permis- 
sion to  steal,  on  condition  that  he  would  give  back 
what  he  had  stolen.  The  Calmuck  profited  by 
this  permission,  and  stole  the  watch  of  even  his 
conlessoT,  during  the  consecration  of  the  niBss, 
and  leading  with  joy,  gave  It  back  af^r  the  mass 


This  boy  must  then,  1  suppose,  have  had  a  con- 
siderable organ  of  benevolence,  and  of  conscien- 
tiousness  ? 

DR.  A. 

Probably  so;  but  as  I  am  no  craniologist,  I 
canntA  solve  this  point.  — The  organ  of  secretive- 
nfu  is  large  in  American  Indians;  in  debtors,  who 
wish  to  conceal  their  real  situation  from  their 
creditors ;  in  good  actors,  and  in  all  cunning 
persons ;  in  foxes ;  in  cats,  as  evinced  by  their  sly 
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mode  of  watching  for  mice,  without  moving  a  limbj^ 
Bnd  in  all  nnimals  which,  if  pursued,  hide  them 
selves  dexteixiusly. 

T!ie  organ  of  cons/ntctiveness  exhibits  itself  i 
considerable  developement  in  nrchitects,  Eculptor%'V 
and  alt  those  who  excel  in  mechanical  arts. 
wofi  found  large  in  the  great  Raphael ;  and,  singii^  J 
lar  as  it  may  appear,  in  the  skull  of  a  distinguished 
milliner  at  Vienna.  It  is  ample  in  rabbits,  which 
buiTow ;  and  in  beavers,  marmots,  and  field-mice.— 
But  it  is  always  to  be  observed,  that  phrenologists, 
iu  giving  the  same  propensities  to  men,  as  brutes, 
make  this  distinclion  ;  thai  men  have  some  pecu- 
liar organs,  which  modify  the  operation  of  those 
which  they  possess  in  common  with  the  lower 
orders  of  the  creation  ;  and  thus  give  them  the 
power  of  exercising  a  degree  of  self-correction 
and  control,  of  which  the  latter  are  incapable. 
Of  these  organs,  the  five  last,  which  relate  to  sen- 
timents, are  given  as  examples,  namely,  the  oi^gaii 
of  WCTMra^i'twi  (No.  ]+.);  of  Aq/)eand_/aiyA(No.  15-); 
of  idealitjf  (No.  16.);  of  righteous?iess  (No.  17.); 
and  of  detervtinateness  {No.  1 8.). 

The  organ  of  self-love  (No,  10.)  is  represented 
IS  being  rather  common  with  the  English,  and 
IS  making  them  appear,  to  the  French,  cold, 
haughty,  and  supercilious.  It  is  stated  to  be  re- 
markable in  horses,  turkeys,  and  peacocks.  The 
French,  on  the  other   hand,  are   considered   as 
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^^RkBTing  more  of  the  love  of  approbation  (No.  II.); 
and  as,  therefore,  appearing  to  the  English^ 
vain,  ostentatious,  and  absurdly  complimentary.^ 
Dogs  and  horses  ore  gifted  with  a  large  share  of 
this  organ ;  and  the  fair  sex,  in  a  greater  propor- 
tion than  men. 

TTie  organ  of  cautioiisness  (No.  12.)  is  also 
more  amply  developed  Jn  women  than  men ;  anil 
nuuiy  animals  which  are  particularly  circumspect, 
Bs  the  roe,  stag,  polecat,  otter,  and  mole,  have  a 
large  share  of  it.  So  have  tl)ose  which  place  sen- 
tinels to  warn  them  of  approaching  danger,  as  the 
dumois,  cranes,  geese,  starlings,  and  bustards. 

Benevolence  in  man,  and  meekness  in  animals, 
ore  described  aa  being  indicated  by  a  certain  ele- 
vation in  the  upper  part  of  the  frontal  bone. 
(No.  13.)  Wild,  ferocious,  and  untameable  anunals 
are  flat,  or  have  a  hollow  here;  and  this  is  likewise 
the  case  with  such  animals  as  horses,  cows,  and 
dogs,  when  they  are  ill-natured  and  vicious,  of 
which  there  are  occasional  examples.  The 
power  of  taming  animals  is  supposed  to  be  con- 
Dected,  partly  with  the  possession  of  the  organ 
of  benevolence  or  meekness,  and  partly  of  the  or- 
gsn  of  individualily  (No.  19.),  which  is  one  of 
ibose  of  intellect. 

Of  the  organs  of  intellect,  the  organ  otjut-m, 
or  oftliat  of  distinguishing  persons  (No.  20.),  was, 
largely  possessed  by  our  late  king,  George  III. 
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So  it  is  likewise  by  many  animals,  and  also  by 
honey  bees,  who  can  distinguish  individuals  oF 
their  own  hives  from  those  of  any  other. 

The  organ  of  space  (No,  24.)  is  said  to  be 
markable  in  astronomers,  geographers,  and  tr^ 
vellers  by  sea  and  land ;  and  it  is  to  this  that  the 
faculty  is  attributed,  which  enables  animals  to  find 
their  way  back  to  places  from  whence  they  may 
have  been  taken.  Spurzhelm  mentions  several 
curious  examples  of  this  kind  ;  —  A  dog  w.is  trana^ 
ported  in  a  carriage  from  Vienna  to  Petersburg, 
and  after  six  months  it  returned  to  Vienna.  —  An- 
other dog  was  transported  from  Vienna  to  Lon- 
don, but  he  found  means  to  get  back.  He  attached 
himself  to  a  traveller  in  the  packet-boat,  and  went 
with  him  to  Mentz,  where  he  left  him,  and 
turned  to  Vienna.  —  Another  was  carried  from 
Lyons  to  Marseilles,  embarked,  and  was  conducted 
to  Naples,  but  he  came  back  to  Lyons  by  land, 
Another  found  again  his  former  master  in  Suabiaj 
after  having  left  liis  new  master  in  Hungary, 
Pigeons  likewise  have  found  their  way  home, 
ihough  conveyed  30  leagues  in  a  sack ;  so  has  the 
falcon  of  Iceland,  however  carefully  confined ;  for 
often  the  first  time  it  is  sent  against  a  heron,  it  as- 
cends vertically  Into  the  air,  distinguishes  its  re- 
gions, and  takes  the  direction  of  the  north.  It 
to  the  same  organ  that  the  power  of  migrating,  and 
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of  returning  with  precision  to  the  same  place,  is 
referred. 

TTieorganof /KBf  (No.  26.)  is  described  as  being 
possessed  largelyby  musicians,  nnd  by  singing  birds, 
particularly  the  males;  and  all  the  other  organs 
have  exemplifications  of  tlieir  existence  given  in 
persons  who  are  distinguished  by  the  faculties  with 
which  ihey  are  supposed  to  be  connected.  —  You 
will  now  be  able  to  form  an  idea  of  what  phreno- 
logy is,  and  of  the  kind  of  evidence  by  which  the 
gpintous  connected  with  it  are  supported.  In- 
dependently, however,  of  craniological  consider- 
■tioDs,  respecting  which  you  will  easily  see,  that 
Utart:  must  be  much  diiTerence  of  opinion,  Gall 
and  S|>urzheim  (particularly  the  latter)  are  excel- 
lent anatomists,  and  have  great  merit  in  their  dis- 
wctions  of  the  brain,  which  have  excited  consider- 
able interest  among  those  who  are  most  conversant 
with  the  subject  ■ 

CHARLES. 

Milton  speaks  of  the  full  fair  front  of  our  male 
aocenor;  and  painters  and  sculptors,  as  well  as 
poets,  seem  to  have  denoted,  in  every  age,  the 
possession  of  great  talents,  and  high  elevation  of 
mind,  by  an  elevation  of  forehead,  though  they, 
perhaps,  thought  nothing  of  the  fulness  of  brain 
which  is  thereby  indicated.  Hence  there  appears  to 
have  been  a  sort  of  general  agreement,  as  far  as 
this  particular  point  in  phrenology  goes. 
L  4 
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Certainly ;  and  many  physiologists,  it  is 
wise  to  be  observed,  have,  before  the  time  of 
aiid  Spurzheim,  referred  the  existence  of  pt 
cular  faculties  to  particular  parts  of  the  brain ; 
instance,  perception  and  attention,  meraorj-,  re- 
flection, imagination,  moving  power,  common 
sense,  natural  instinct,  &c. ;  but  all  these  attempts 
at  phrenological  geography  were  well  described 
by  tlie  great  Hallcr,  as  being  equally  weak,  irail, 
and  short  lived.  —  Sir  Everard  Home  has  likewii 
conceded,  in  some  degi'ee,  to  the  principle  of  sui 
speculations,  in  referring  some  particular  facultiea 
to  particular  parts  of  the  brain ;  as,  for  instance, 
memory  to  the  cortical  part  of  it,  the  communica* 
tion  of  sensation  and  volition  to  a  transparent  mu- 
cus or  jelly,  which  enters  into  the  composition  of 
both  brain  and  nerves,  &c.;  but  he  is  not,  in  m; 
opinion,  to  be  congratulated  on  the  success  of  his 
speculations. 


Do  you  apprehend  that  craniology  leads  to  n 
terialism  ?    I  have  heard  it  much  deprecated  up< 


When  we  admit,  as  we  must  do,  that  there  lA 
a  connection  existing  between  mind  and  body ; 
tween  the  functions  of  the  brain  and  vitality ;  I 
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tweeQ  a  certain  organisation  or  structure,  which 
enables  the  organs  of  sense  to  report  tlie  inform- 
ation derived  from  without,  to  a  directing  t^nt 
within ;  we  leave  the  nature  of  this  agent  untouched 
by  any  speculation  as  to  the  number  of  senses  or 
media,  which  nature,  in  her  wisdom,  has  chosen 
to  employ  in  obtaining  information,  or  in  exercis- 
ing ihe  functions  of  life  or  intellect.  — The  objec- 
tions to  craniology,  as  leading  to  materialism,  does 
not,  therefore,  appear  to  be  well  founded. 

L  CHARLES. 

I  The  illustrations  which  have  been  brought  f'or- 
■  ■ward  to  exemplify  the  different  doctrines  of  ihis 
tcience,  have  an  aspect  so  very  fanciful,  and  fre- 
ijuently  seem  to  border  so  much  on  tlie  ridiculous, 
that  I  cannot  help  considering  this  circumstance 
as  likely  to  diminish  the  chance  which  tlie  subject) 
whatever  may  be  its  intrinsic  merits,  has  to  obtain 
attention  from  the  more  judicious  part  of  society. 


This  is  not  at  all  an  improbable  supposition : 
bnt  we  must  defer  the  consideration  of  the  remain- 
ing circumstances  relative  to  the  brain  and  d 
system  till  another  opportuni^. 


CONVERSATION  VIII. 

THE   BRAIN    AND    NERVOUS    SYSTEM    CONTINUED. 

SOPHrA. 

I  WAS  going  to  remark,  at  the  close  of  our  Ias£ 
conversation,  my  surprise,   that  considering  that 
great  importance  of  the  brain,  portions  of  it  should 
have  been  lost,  and  yet  patients  recover. 

Injuries  to  this  organ  are  always  necessarily  of  a 
serious  description  :  they  are  principally  so,  how- 
ever, when    there   is    any  pressure  upon   it ;  and 
therefore  in  cases  of  fracture  of  the  skull,  the  prin- 
cipal danger  arises  from  the  pressure,  either  of 
bone  or  of  effused  blood,  which  it  is  the  intention 
of  the  operation  of  trepan  or  trephine  to  remove. 

CHARLES. 

What  is  the  nature  of  this  operation  ? 

DR.  A. 

It  consists   in  the  use   of  a  circular   saw,  bj 
means  of  which  a  piece  of  bone  is  removed,  oT 
the  size  of  a  shiiiiiig;  and  by  tlie  repetition  of  this 
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(^ration,  if  necessary,  room  is  given  to  let  out 
effiised  blood,  and  to  separate  or  elevate  depressed 
pieces  of  bone,  which  press  on  tlie  parts  below.  The 
trephine  is  a  sort  of  centre  bit ;  but  it  b  to  be  em- 
ployed with  much  care  and  delicacy.  Its  deriva- 
tion from  a  Greek  word,  to  turn,  is  obvious. 
Sudden  injuries  operate  strongly ;  but  various 
alterations  in  structure,  provided  they  are  gradual, 
may  take  place,  without  either  the  sufiering  or  the 
disadvantage  which  might  be  imagined,  when  so 
important  an  organ  is  affected.  I  may  mention, 
by  the  way,  a  very  curious  effect  which  an  injury 
OQ  one  side  of  the  brain  Irequently  produces ;  and 
that  is,  a  loss  of  power,  not  of  the  muscles  of  the 
same,  but  ul'  the  opposite  side  of  the  body  to 
that  in  which  the  injury  takes  place. 

L  CHABLTiS. 

0   That  ifi  very  extraordinary :  then  it  apiiears  diat 
^  there  is  some  sort  of  an  interchange,  or 

of  the  nerves,  or  material  of  the  brain, 

occasion  this  singular  phenomenon. 


This  must,  of  course,  be  the  case ;  but  the  pre- 
cise place  where  this  crossing  is  effected,  or  the 
mode  of  its  occurrence,  is  not  altogether  known. 
Anatomists  have  supposed,  tliat  because  there  is  a 
sort  of  apparent  interlacement  in  the  upper  part 
f  of  the  spinal  marrow,  tlie  interchange  takes  place 
L  6 
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there ;  but  this  does  not  seem  to  be  case ;  for  some 
ports  which  are  supplied  by  nerves  sent  out  from 
the  spinal  marrotr,  previous  to  this  interlacement, 
are  subject  to  the  same  law. 

HARBIET, 

Does  the  magnitude  of  the  brain  bear  any  sort 
of  proportion  to  the  capacities  or  abilities  of  the 
animal  ? 

DR.  A. 

In  some  degree  it  does :  but  physiolc^ists  hava 
not  been  able  to  lay  down,  with  accuracy,  any  laW 
upon  this  subject.  Singular  as  it  may  appear,  tnoa 
has  a  larger  brain,  in  point  of  absolute  magnitudi 
than  any  other  animal,  with  the  exception  of  tha 
elephant. 

HAKEIET. 

What,  larger  than  the  horse,  or  the  cow,  or  any 
of  the  larger  quadrupeds  ? 

DR.  A. 

Unquestionably ;  for  if  you  look  at  the  skull 
any  of  these  animals,  you  will  see  that  its  con>- 
|»ressed,  narrow,  and  elongated  form  allows  but 
a  small  space  for  containing  brain.  Thus  tha 
largest  brain  of  a  horse  weighs  not  more  thaa 
1  lb.  7oz.,  while  the  smallest  brain  of  man  weight 
2lb.  5oz.,  and  that  of  a  child,  not  a  great  deal  lesa 
— Aristotle  and  Pliny  made  this  important  obser»» 
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ati(»i  relative  to  the  great  magnitude  of  the  brain 
o{  man;  but  some  have  likewise  attempted  to 
show,  tbst  the  proportion  of  the  brain  to  the  rest 
of  the  bodj  is  greater  in  man  than  other  animals. 

CHARLES, 

This  would,  I  think,  seem  to  follow  from  the 
actuaJ  size  being  greater. 

DR.  A. 

Not  exactly  so ;  for  in  a  small  animal,  yon 
would  expect  to  liave  a  brain  of  less  weight  than 
in  man,  and  yet  its  proportion  to  the  weight  of  the 
suimal  might  be  greater.  In  point  of  fact,  though 
this  holds  with  regard  to  the  larger  animals,  it 
does  not  with  regard  to  many  of  the  smaller.  The 
human  brain  is  about  ^tli  part  of  the  weight  of 
the  whole  body,  while  that  of  a  horse  is  abont 
t^iih  part;  of  an  ox,  yisth  ;  of  a  sheep,  jj-gth; 
uf  on  elephant,  jg^th.  On  the  other  hand,  in 
many 'apes,  the  proportion  is  from  iJi^th  to  ^nd ; 
in  the  dolphin  it  is  j'^th;  and  in  some  birds,  as 
the  canary  bird,  is  even  as  large  as  a  i^th. — 
The  hopes,  therefore,  of  physiologists,  as  to  the 
£soovery  of  the  particular  law  on  this  subject,  was 
disappointed ;  but  it  has  since  been  remarked,  and 
with  every  appearance  of  truth,  that  the  size  of 
the  brain  in  man,  compared  with  that  of  the 
Derres  which  proceed  from  it,  is  greater  than  in 
uy  other  animal  yet  known.     We  know  too  little. 
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however,  of  the  particular  functions  of  the  braiu 
and  its  various  parts,  to  be  acquainted  with 
the  precise  application  of  this  fact;  and,  indeed, 
all  the  knowledge  which  we  possess  on  this  sub- 
ject, shows  how  ignorant  we  are,  as  to  the  inscruta* 
ble  connection  which  exists  between  vitality  and 
corporeal  function. 


I 


I  suppose  there  is  some  resemblance  betwee 
the  nature  of  a  nerve,  and  that  of  the  bratn. 


Microscopic  observations  have  made  it  probable^  , 
that  both  the  brain  and  nerves  consist  of  minute 
globules,  held  together  by  a  soluble,  transparent, 
coogulable  jelly,  or  mucus,  which  Sir  Everard 
Home,  as  1  have  already  mentioned,  considers  to 
be  the  medium  through  which  sensation  and  voli- 
tion are  communicnted.  The  nerves  are  divided 
into  minute  fibrils,  having  a  delicate  covering  from 
the  pia  mater,  and  the  whole  invested  with  con-  I 
densed  cellular  membrane,  as  an  external  covering. 
—  It  has  been  supposed  by  many,  that  the  brain  is  a 
secreting  organ,  and  that  a  substance  called  nervous 
fluid  is  produced  by  it,  which  is  conveyed  along  the  ' 
nerves  as  tubes.  Others  have  conceived,  that  the 
nerves  act  by  communicating  vibrations  of  differ- 
ent descriptions  and  degrees  of  force  to  the  hraia ; 
and  others,  that  nervous  energy  is  a  sort  of  electric 
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aurs,  or  influence,  of  the  most  subtle  description, 
to  which  the  nerves  act  as  conductors.  These 
hypotheses  may  be  ingenious  and  amusing,  but 
ihey  are  visionary,  and  totally  useless,  except  as 
(iir  as  they  may  lead  to  the  discovery  of  new  facts. 
1  shall  have  occasion  to  notice  to  you  the  opera- 
tion of  galvanism  on  some  of  the  fiinctions  of  the 
animal  body,  particularly  digestion,  which  have 
been  considered  as  favouring  the  last  idea. 

CHARLES. 

It  appears  from  what  you  Iiave  mentioned  con- 
cerning the  properties  of  nerves,  that  they  exer- 
ase,  at  the  same  time,  several  distinct  functions ; 
they  communicate  sensation  IVoni  witliout,  and 
convey  the  power  of  motion,  and  the  will  to  carry 
it  into  operation,  from  within.  Is  there  any  thing 
known  concerning  this  division  of  function?  One 
would  be  tempted  to  imagine  that  there  were  dif- 
ferent nerves,  appropriated  to  purposes  seemingly 
so  difTerent. 

DR.  A. 

If  that  could  be  substantiated,  it  would  be  one 
of  the  most  valuable  additions  to  our  Icnowledge  of 
the  nervous  system  which  has  ever  been  made. 
It  has,  indeed,  frequently  been  imagined,  both  in 
ancient  and  modern  times,  thai  some  nerves  serve 
for  sensation,  and  others  for  motion;  and  that  both 
of  them,  tliough  distinct  m  thcii'  origin,  unite  to- 
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gether  in  trunks,  and  accompany  each  other 
the  different  parts  of  the  body ;  but  sucli  ideas 
were  little  more  than  speculative.  A  distinguished 
physiologist  ot"  the  present  day,  however,  Mr. 
Charles  Bell,  whom  I  have  already  mentioned  to 
you  as  the  author  of  the  interesting  work  on  the 
Anatomy  of  Expression  in  Painting,  has,  by  an 
ingenious  and  highly  creditable  train  of  anatomical 
investigation,  rendered  them  exceedingly  probable. 
It  will  not,  perhaps,  be  carrying  you  too  much  into 
detail,  to  tell  you,  generally,  what  his  ideas  ore  on 
so  obscure  and  interesting  a  subject.  —  He  sup- 
poses that  there  are,  besides  tlie  nerves  of  sens% 
four  distinct  systems  of  nerves  combined  into 
whole,  viz.  nerves  of  sensation;  of  voluntary  mi 
tion;  those  connected  with  respiration;  and,  lastly) 
those  which  are  conducive  to  animal  existence,  or' 
nutrition,  growth,  and  decay.  These  nerves  he 
states  to  be  sometimes  separate,  sometimes  bound 
together,  but  as  never,  in  any  case,  interfering  with, 
or  partalting  of  each  other's  influence.  You  wil] 
see  by  this  little  sketch,  the  mode  in  which  he 
considers  filaments  of  nerves  for  diflerent  pur- 
poses as  Iraund  together;  a  being  a  nerve,  con- 
sisting of  distinct  filaments;  b,  one  of  the  threads 
dissected  out  fi-om  it. 


:bs1 
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on     _ 
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;  then  has  he  traced  aiiy  of  these  nerves  to 
their  tenniti&tiun,  so  as  to  mske  out  the  functions 
which  they  exercise  ? 


p  This  he  has  done  in  many  instances,  and  is 
MtJsfied  as  to  the  accuracy  of  his  conclusions.  — 
He  considers  the  spinal  marrow  OS  consisting  of  two 
psrts,  one  right,  and  the  other  led;  and  each  of 
these  parts  as  consisting  of  three  columns,  the 
aaterior  for  motion,  the  posterior  for  sensation, 
and  the  middle  for  the  actions  of  respiration.  The 
various  parts  which  are  supplied  from  the  spinal 
marrow  are  therefore  furnished  with  compound 
nerves,  or  rather  bundles  of  nerves,  of  different 
descriptions,  which,  at  their  extremities,  are  di- 
vided so  as  to  furnish  sensation  or  motion,  as  the 
COM  may  be.  If  a  nerve  of  sensation  is  divided, 
Bcnsation,  and  not  motion,  will  be  lost;  and  if  r 
nerve  of  motion,  motion,  but  not  sensation ;  and  if 
ttt  part  of  the  spinal  column  should  be  injured, 
li  gives  rise  to  one  or  other  of  these  systems 
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of  nen-es,  the  nerves  which  arise  from  them,  wh^ 
ther  of  sensation  or  motion,  will  entirely  lose  thdr 
power. 

CHARLES. 

This  is  a  very  interesting  view  of  the  subjecti 
and  certainly  removes  the  difficulty  witli  regard  He 
'a  certain  independence  of  sensation  and  muscular 
power  on  each  other.  But,  then,  are  we  to  view, 
according  to  Mr.  Bell's  idea,  the  spinal  marrow  aa 
another  brain,  giving  influence  and  power  to  the* 
nerves  arising  from  it,  independently  of  its 
nectton  with  the  brain  ? 

DR.  A. 

Mr.  Bell  traces  the  columns  of  spinal  marrow 
which  beloi]g  to  sensation  and  motion,  upwards  to- 
the  brain  itself;  and  hence  he  infers,  that  thesa, 
columns  deduce,  from  the  latter,  their  ultimat 
energy.  From  these  columns  within  the  skull,  h 
likewise  traces  the  origin  of  such  of  the  iierves- 
which  are  sent  out  by  the  brain,  as  are  destined 
for  communicating  sensation,  or  muscular  power^ 
to  the  face  and  head. 

HARRIET. 

You  spoke  of  a  third  column  of  the  spinal  majv- 
row,  that  which  was  appropriated  to  furnishing  the, 
nerves  of  respiration;  but  I  caimot  understand- 
why  there  should  be  any  occasion  for  a  separata 
class  of  nerves  for  this  function,  since  respiraUi 
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It  a  voluntary  effort,  which  we  have  the  power  of 
^ping  at  pleasure. 

DR.  A. 

We  have,  unquestionably,  a  certain  voluntary 
power  over  the  act  of  respiration.  We  can  stop 
our  breathing  to  a  certain  extent ;  we  can  breathe 
more  or  less  rapidly,  and  have  the  faculty  likewise, 
of  employing  it  in  accomplishing  some  other  ope- 
rations, as  those  of  smelling  and  speaking;  but  then 
we  know  that  during  sleep,  and  insensibility  from 
disease,  respiration  goes  on  independently  of  the 
will;  and  that  even  with  tiie  possession  of  full  con- 
sciousness, we  are  iniable  to  repress  coughing, 
sneezing,  crying,  Jaughing,  and  vomiting,  in  all 
which  phenomena,  the  muscles  which  are  subser- 
vient to  respiration,  and  which  you  will  find  when 
I  treat  of  that  function,  are  very  numerous,  are 
more  or  less  concerned.  Mr.  Bell,  therefore,  con- 
ridered  It  as  necessary  that  these  muscles  should 
have  a  peculiar  set  of  ner\'es,  for  associating  them 
together  in  the  various  actions  of  respiration. 

SOPHIA. 

But  there  are,  then,  nerves  supposed  to  be  pos- 
sessed, over  and  above  the  usual  nerves  of  sen- 
sation and  motion  ? 


Certainly;   the  muscles  In  question  have  the 
ordinary  demands  of  other  voluntary  muscles  on 


I 

I 
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the  nerves  of  sensation  and  motion,  and  die  r 
ratory  nerves  he  conceives  are  superadded. 
Bell  observes,  likewise,  that  animals  whichdonotn 
spire,  are  without  this  set  of  nerves,  and  that,  as  tl 
functions  of  these  nerves  are  independent  of  rea 
son,  and  are  capable  of  being  exercised  i: 
ently  of  the  brain,  or  when  separated  from  it,  1 
column  from  which  they  are  derived  does 
extend  to  die  brain,  but  is  lost  in  the  nieduUi 
oblongata,  the  upper  part  of  the  spinal  marrow: 
He  has  satisfied  himself,  tliat  tive  nerves  which 
come  out  from  the  central  of  the  three  columns 
which  I  have  just  mentioned,  near  the  commence- 
ment of  the  medulla  oblongata,  are  destined  to  that 
function,  and  infers  that  the  remainder  of  this  cen- 
tral column,  through  the  whole  extent  of  the  spinal 
canal,  supplies  roots  to  the  spinal  nerves,  so  as  to 
give  them  an  association  with  the  action  of  respi- 
ration. 

CHARLES. 

If  we  can  conceive  a  muscle  to  be  deprived  of  its 
sensitive  nerve,  and  to  retain  its  motive  nerve,  there 
would  be  a  considerable  difficultyos  to  our  knowing 
how  the  muscle  was  affected,  as  volition  from  within 
could  not  be  assisted  by  sensation  from  without. 

OR.  A. 

This  would  certainly  be  the  case,  and  so  it  has 
happened  in  the  very  few  instances  of  this  kind 
which  have  been  mentioned  by  authors.    In  one< 
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iitnan  who  had  Wt  tlie  power  of  sensation  iu  his 
aiids  and  Teet,  but  retained  that  of  motion,  was 
able  to  grasp  pretty  firmly;  but  in  holding  any 
thing  was  apt  to  drop  it.  If  his  attention  were  at 
all  called  away.  In  anotlier,  a  female  with  a  simi- 
lar affection,  was  continually  dropping  various 
household  articles  on  turning  her  eyes  aside,  which 
»he  coidd  hold  in  safety  as  long  an  she  looked  at 
ibeiii. 
,  Mr.  Betl,  too,  found  in  a  patient  of  his  own,  a 

■^naale,  in  whom  the  nerves  which  imparted  sen- 
^^^^Uty  to  the  eyes  and  eyelids,  had  been  pressed 
^^B|  by  n  tumour,  which,  however,  did  not  affect  the 
^^nerves  of  motion,  that  she  could  open  and  shut  the 
ej-elids,  but  she  could  not  tell  whether  they  were 
I  open  or  shut.  From  this  and  other  considerations 
^^fte  deduces  the  very  reasonable  conclusion,  that 
^^Bnscles  require  both  species  of  nei-\-es,  which  form 
|^|^M>rt  of  circle  between  them  and  the  brain;  and 
r  thai  while  one  nerve  conveys  the  influence  from 
die  brain  to  the  muscle,  another  gives  the  sense  of 
the  condition  of  the  muscle  to  the  brain. 

CHAIILES. 

'on  have  mentioned,  that  there  are  nerves 
lich  supply  muscles  that  are  obedient  to  the 
I,  and  others  which  are  appropriated  to  such  as 
partly  voluntary,  and  partly  involuntary  mus- 
But  is  there  a  particular  set  of  nerves  which 
devoted  to  the  muscles  which  you  have  named 


^^c 
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to  US  as  being  entirely  involuntary,  such  iis  the 
heart,  the  stomach,  intestines,  &c.? 


Your  question  involves  several  points  of  great 
consequence  in  physiology.  It  has  long  been  ob-< 
served,  that  all  the  muscles,  or  muscular  struc- 
tures, which  are  independent  of  the  will,  are  sup- 
plied from  a  particular  nerve  which  is  termed  the 
great  sympathetic  nerve  of  the  body,  and  has  no 
mediate  origin  from  either  tlie  head,  or  the  spinai 
marrow,  hke  the  nerves  of  sensation  and  volitioa> 
This  nerve  is  derived,  in  the  first  instance,  from  a, 
small  branch  proceeding  fiom  one  of  the  nerves  of 
the  head,  and  receives  accessions  from  branch^ 
derived  from  all  the  nerves  which  it  approaches, 
whether  those  of  the  head,  neck,  back,  or  loins. 
It  is  thus  connected  with  all  the  other  parts  of  the 
nervous  system,  as  its  name  imports ;  but  it  is,  to  % 
certain  degree,  independent  of  them;  forming  a 
system  of  itself,  and  being  destined  to  the  supply; 
of  those  functions  which  are  too  essential  to  lift;  to 
be  left  under  the  influence  of  the  will.  —  I  may- 
mention,  likewise,  that  in  various  parts  of  the  nerw 
vous  system,  the  nerves  are  interwoven  with  each 
other,  in  a  sort  of  network,  called  a  plexus,  the 
object  of  which  seems  to  be,  tlie  prevention  or 
diminution  of  eventual  disadvantage,  from  any 
injury  to  a  nervous  trunk. 
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I  There  are  ako,  in  various  parts  of  the  nervous 
stem,  small  knots  called  ganglions,  which  seem 
to  be  made  of  a  mixture  of  medullary  and  cineri- 
tiouii  matter.  Nervous  filires  run  into,  and  are 
lost  in  them ;  and  otiiers  proceed  from  them  ;  but 
it  is  observed  that  the  latter  are  more  numerous 
than  the  former;  and  hence  It  has  been  sup- 
posed, by  some  physiologists,  that  ganglions  ai'e 
tn  be  viewed  as  a  description  of  minor  brain,  and 
as  therefore  connected,  in  some  way,  with  the  pro- 
duction or  increase  of  nervous  energy.  No  satis- 
factory opinion  has,  however,  been  hitherto  formed 
relative  to  their  use  in  the  animal  economy.  But 
botJi  ganglions  and  plexus  seem  to  have  an  im- 
portant influence  in  producing  the  sympathy  which 
exists  between  various  ports  of  the  body. 

^^^VWbat  an  extensive  and  beautiful  system  ot 
jBHperations  is  carried  on  throughout  the  animal 
body,  by  means  of  these  small  white  threads; 
and  how  admirably  nature  seems  to  have  pro- 
vided, by  their  means,  for  an  extensive  sympathy 
of  one  part  with  another,  over  the  whole  ma- 
chine. But  Iiave  all  orders  of  the  animal  creation 
brain  and  nerves,  like  man,  and  the  higher  de- 
scriptions of  animals?  or  does  nature  provide 
other  modes  of  producing  the  same  effect  ? 


^^M  I  have  1 


I  have  already  mentioned  to  you,  that  in  i 


2i0       OF  THE  BRAIN  AND  NERVOUS  SYSTEM. 

the  magnitude  of  the  bruin,  compared  with  that 
of  the  nerves,  is  greater  than  in  any  other  aninuli 
The  higher  orders  of  animals,  (tJiose  with  \ef 
tebriB,  which  include  the  mammalia,  birds,  maq 
fishes,  and  serpents,)  have  likewise  brain,  spim 
marrow,  and  nerves,  which  vary  in  their  propoF? 
tions  to  each  other,  and  in  many  points  of  o 
gEtnisation;  but  many  of  the  lower  orders, 
worms  and  insects,  liave  merely  one  or  two  lon^ 
tiidinal  nerves  in  the  centre  of  their  bodies,  havii^ 
in  them  various  knots,  or  ganglia,  from  whiel 
other  nerves  proceed ;  and  having,  some  of  them,  a 
one  end,  a  slight  enlargement,  which  may  be  coB 
sidered  as  a  brain.  This  is  the  most  simple  Som 
of  nervous  structure,  and  resembles, 
measure,  that  particular  part  of  the  i 
ten),  the  sympathetic  nerve,  which  exists  in  I 
higher  orders  of  animals ;  but  while  in  the  latter 
the  sympathetic  nerve  is  solely  applied  to  the  oB 
gans  concerned  in  the  natural  functions,  nameljf 
those  of  growth  and  nourishment,  the  longitudinal 
nerves  exercise,  in  the  lower  orders  of  the  creatioi 
all  the  functions  of  tlie  nervous  system  which  ai 
necessary  to  sensation,  muscular  motion,  and  tli 
support  of  the  animal.  These  animals  may,  indee^i 
be  considered  as  having  nerves,  or  rather  brai^ 
universally  diffused  over  them ;  and  many  of  thenu 
as  they  are  hable  to  accidents,  possess  a  power  c 
repair  and  reproduction,  which  is  exceedingly 
wonderful. 
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SOPHIA. 

I  was  much  struck  with  the  reproduction  of  the 
claws  of  lob§ters  and  crabs,  which  you  mentioned 
lous:  nre  there  animals  which  go  further  than 
^^^em  in  the  possession  of  this  power? 

To  a  very  great  extent ;  and  the  lower  we  go 
in  the  scale  of  creation,  the  more  surprising  is  the 
reproductive  facuhy.  How  hable  is  the  eartli- 
wonn  to  be  injured  by  the  unconscious  gardener; 
but  the  injury,  so  far  from  diminishing  animal  life, 
increases  it ;  for  each  portion  into  which  the  ani- 
laal  may  be  divided  by  the  spade,  becomes  a  sepa- 
rate creature,  having  a  separate  system  of  parts 
speedily  regeneraled.  The  head  of  the  common 
snail,  with  its  four  horns,  has  been  satisfactorily 
ascertained  to  be  renewed  in  the  course  of  six 
months ;  and  in  an  animal  of  a  more  complicated 
structure,  the  water  newt  (the  lacerta  palustris), 
a  complete  eye  was  re-formed  in  the  course  of  ten 
mooths,  with  all  its  various  parts.  The  star-fish 
Hid  anemone  may  have  their  tentacula  removed, 
and  they  are  speedily  replaced ;  and  if  these  ani- 
nula  are  divided,  two  or  more  distinct  animals  are 
Ae  ooDseqiience.  But  the  ■iresh-water  polype 
flfibrdti  the  most  extraordinary  example,  of  any 
bunni,  of  this  wonderful  power :  for  in  whatever 
way  it  may  be  cut  or  divided,  each  part  becomes, 

VOL.  I.  M 
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in  a  few  days,  a  separate  animal,  capable  of  atlf 
the  functions  of  its  pareot.  This  animal  b  of  a' 
soft  nature,  like  a  common  snail.  It  adheres  by- 
one  end,  like  a  sucker,  to  water  plants,  and  other, 
substances ;  and  the  other  end,  which  is  the  head* 
is  suToimded  by  many  little  arms  or  feedersi 
which  seize  and  bring  to  the  mouth,  around' 
which  they  are  placed  like  radii,  minute  worms 
and  water  insects. 

SOPHIA. 

How  very  wonderi'ut  is  this  power ;  but  we  caa 
hardly  ima^e  that  when  such  results  take  place 
from  the  accidental  uijuries  of  such  creatures,  tb^ 
can  have  the  same  degree  of  sensibility  as  the 
higher  orders  of  the  animal  kingdom. 


We  are,  I  think,  entitled  to  infer  that  they 
have  not;  for  nature,  in  providing  for  their  preserv- 
ation, and  even  extension,  would  hardly  do  thU 
at  the  expence  of  so  much  suffering  as  would  take 
place;  if  a  worm,  or  a  polype,  undei'went  as  much 
suffering  from  injury,  as  a  man,  or  a  quadruped. 
With  the  latter,  insensibility  and  death  are  the 
result  of  severe  injuries ;  and  tlie  beneficence  of  the 
Creator  would  not  doom  his  creatures  to  those 
exquisite  sufferings  which  must  precede  reprodu&- 
tion,  if  sensibility  existed  in  the  loner  orders  c 
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iinimals,  to  an  extent  similar  to  wbat  it  does  in 
liie  higher. 

Some  of  the  animals  which  I  have  just  men- 
tioned, as  star-fish,  have  no  apparent  nerves ;  but 
it  may  still  be  presumed,  that  they  have  some- 
thing analogous  to  them,  since  the  possession  of 
sensation  seems  to  be  necessary  to  vitality ;  and 
sensations  and  various  other  functions  of  life  are, 
invariably  connected,  in  other  parts  of  the  creation, 
with  a  nervous  system. 


4FTER  having  given  you  a  general  view  of 
brain  and  nervous  system,  I  shall  now  pursue  t] 
subject   into  the  organs   of  sense.     By   those  I 
mean,  the  particular  organs  with  which  nature  hai 
endowed  us,  for  the  purpose   of  communicattm 
impressions  ironi  without. 


You  mean,  I  suppose,  hearing,  seeing,  feehni 
smell  and  taste. 

DR.  A. 

I  do  so ;  and  it  is  by  means  of  these  organs  * 
neraily,  and  by  their  particular  modifications  i 
different  animals,  that  many  of  the  various  chaj 
ters  in  the  animal  creation  are  produced. 

CHARLES. 

You  mentioned  that  the  nerves  proceeding  from  J 
the  brain  supply  the  organs  of  sense.  You  mean,,! 


SMELL.  HiS 

then,  that  certain  nerves  are  distributed  to  these 
or^&os,  so  OS  to  give  them  their  particu!ar  fitness 
to  receive  and  communicate  impressions. 


Certainly.  The  nerve  of  sight,  or  the  optic 
nerve,  is  difTused  over  the  retina  of  the  eye,  for 
the  purpose  of  receiving  the  rays  of  light  upon  it, 
and  transmitting  the  impressions  which  they  pro- 
duce, to  the  brain.  The  olfactory  nerve  is  diHbsed 
over  the  membrane  of  the  nose,  in  order  to  pro- 
duce smell  i  the  nerves  of  taste,  over  the  tongue ; 
those  of  hearing  are  spread  into  the  interior  parts 
of  the  ear ;  and  the  whole  surface  of  the  body  has 
B  delicate  and  extensive  didusion  of  nerves  over  it, 
which  impart  sensibility. 

HARHIET. 

Then,  I  suppose,  there  ace  differences  in  these 
nerves,  by  means  of  which  they  are  capable  of  re- 
ceiving one  kind  of  impression,  and  not  anotlier. 

DR.  A. 

That  there  are  diSerences,  we  are  very  snre; 
btit  in  what  they  consist,  we  know  nothing ;  except, 
perhaps,  that  we  can  perceive  some  little  dissimi- 
hiity  of  j^jpcarance  in  some  of  them,  which  in  no 
w»y  resolves  the  difficully.  Nature  has  imported 
to  tlie  nervous  expansion  of  different  parts,  difli^r- 
tnt  faculties;  but  why  the  retina,  which  Js  iht 
M  3 
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^P      sensible  part  of  the  eye,  should  be  capable  of  solel3r 
transmitting  to  us  perceptions  of  sight,  and  not 
smell ;  and  why  the  faculties  of  the  auditory  nerve 
should  be  appropriated  to  hearing,  is  an  ultimate 
fact  for  which  we  can  give  no  account. 

CHARLES. 

May  there  not  be  a  certain  organisation  of  theacf 
parts,  to  which  they  may  owe  their  respecttn 
faculties? 

This  may  be  the  case  for  any  thing  that  we  know; 
but  it  would  not  remove  the  difficHlty,  if  it  wei 
proved ;  for  organisation  is  only  another  expres- 
sion for  minute  structure,  and  if  we  could  ascert 
this  ever  so  correctly,  we  still  should  be  ignorai 
why  the  structure  was  connected  with  the  j 
session  of  certain  properties.  The  Creator  ha 
chosen  to  implant  peculiar  faculties  on  particuls 
parts,  and  to  connect  with  them  certain  varietie 
of  structure  and  appearance ;  but  lliere  is  no  rea 
son,  except  his  will,  that  the  skin  should  not  sec 
or  the  ear  smell.  —  It  is  necessary  now,  howevei 
to  enter  into  some  details  on  tlie  individual  orgaa 
of  sense,  and  I  shall  first  consider  the  orgah  o 
suELL,  which  I  take  first,  merely  because  thi 
nerves  which  are  termed  the  first  pair  are  de^ 
to  this  particular  organ. 


i,ia  the  upper  part  of  the  face,  there  is  &  fine 
Ucture  of  thin,  slight  bones,  covered  with  a  fine 
membrane  called  the  Schneiderlan  or  pituitory 
membrane,  on  which  the  olfactory  nerve  is  (til- 
liised.  Theae  bones  are  of  the  tliinnest  and  most 
fragile  description,  and  are  only  intended  au  a  sort 
of  frame-work  for  the  membrane  to  be  spread  over. 
They  are  protected  from  external  injury  by  tlie 
firm  and  strong  nose  and  cheek  bones ;  but  when 
any  disease  attacks  them  from  within,  they  are 
very  liable  to  serious  molestation.  The  air  con- 
veying with  it  the  subtle  particles  which  constitute 
the  materials  on  which  smell  is  exercised,  is  ap- 
plied, during  inspiration,  to  the  delicate  and  sen- 
lible  olfactory  organ ;  and  thus  the  sensation  pro- 
doced,  which  has  so  constant  a  connection  with 
the  production  of  what  b  agreeable  or  unpleasant 
to  us. 

SOPHIA. 

Are  the  nerves  divided  and  subdivided  on  this 
membrane  till  tliey  become  invisible  threads  Y 

DR.  A. 

The  olfactory  nerve  differs  from  most  otfieis, 
in  being  of  a  pulpy  nalure;  and  the  expansion  is 
therefore  sooner  lost  than  in  many  of  the  other 
organs  of  sense. 

^^  tiOPHIA. 

^L  Some  animals  have  great  nicety  of  smell ;   is 
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there  any  peculiarity  apparent  in  them,   whi 
gires  rise  to  such  additional  perfection  of  sense? 


The  membrane  on  which  the  nerve  is  expanded^ 
in  such  animals,  is  of  larger  surface,  which  arises 
from  the  peculiar  bony  structure  which  it  covers, 
occupybg  a  greater  portion  of  the  skull;  and  its 
divisions,  or  cellular  structure,  being  therefore 
more  extended.  You  may  readily  infer  this,  from 
the  greater  capacity  of  the  nostrils,  and  the  bones 
immediately  contiguous  to  them,  in  bounds  and 
pointers,  wbich  are  remarkable  for  their  smeU, 
than  in  the  greyhound,  in  which  the  nose  b  pointed, 
the  face  very  flat,  and  tlie  space  appropriated  to  the 
expansion  of  the  nervous  matter  very  small.  The 
hedgehog,  the  mole,  the  weasel,  the  bear,  and  the 
elephant,  have  a  large  space  devoted  to  the  con- 
volutions of  the  pituitory  membrane ;  and  all  these 
animals  are  remarkable  for  the  acuteness  of  their 
smell.  The  seal  is  also  very  pecuharly  gifled  in 
its  extent  of  smelling  surface ;  and  as  this  animal 
spends  much  of  its  time  in  the  water,  where  t 
irritation  of  the  water  in  swimming,  particularly  i 
a  swiil  movement,  might  uijure  the  sensible  surfe 
of  the  uiner  port  of  the  nose,  it  has  the  power  I 
closing  up  the  opening  into  the  nostrils,  to  prevet' 
the  inconvenience. 
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CHAHLES. 
One  would  think  thut  llie  passage  of  the  air 
dirough  the  nostrils,  was  likely  to  dry  up  the 
moisture,  and  therefore  diminish  the  sensiblUt}'  of 


|B  It  would  certainly  do  this,  if  it  were  not  for  a 
t!ODtinual  secretion,  as  well  from  the  membrane 
itiielf^  OS  from  its  expansion  in  various  contiguous 
cavities.  In  the  forehead,  and  in  the  jaw-bone, 
are  cavities,  called  sinuses,  which  are  lined  with  a 
continuation  of  this  membrane.  They  thus  afford, 
by  their  continual  secretion,  a  fluid,  which  gra- 
dually distilling  out  of  them,  preserves  the  delicate 
membrane,  on  which  the  olfactory  nerve  is  ex- 
panded, in  continual  fitness  for  its  function.  You 
may  feel,  in  a  common  cold,  a  sense  of  fulness  and 
weight  on  the  forehead,  which  arises  from  a  slight 
inflammation  of  the  membrane  lining  two  small 
cavities  placed  at  the  upper  part,  and  near  the 
centre  of  each  orbit,  and  communicating  by  small 
openings  with  the  cavity  of  the  nose.  These  si- 
nuses hardly  exist  at  birtb,  when  indeed  the  whole 
olfactory  organ  Is  but  very  imperfectly  evolved. 
They  may  be  considered  as  giving,  in  some  de- 
gree, vibration  and  tone  to  the  voice ;  and  the 
(^lenings  into  them  are  so  placed,  that  the  secretion 
which  tliey  produce  may  have  an  exit  Irom  one  or 
other  of  them  in  every  poaition  of  the  body. 


I  have  heard  of  persons  having  diccharges  f 
their  brain  through  the  nose.  Such  a  tiling  n 
be  of  a  very  fortnidable  description. 

DH.  A. 

So  it  would  be,  if  it  were  the  fact ;  but 
discharges  are  eitlier  from  the  increased  or  all 
secretions  of  tlie  sinuses,  or  the  cavity  of  the  nose  t 
or  from  some  alTection  of  the  deHcate  bones  con- 
nected with  the  olfactory  organ.  The  existence 
of  such  discharges  from  the  centre  of  the  head, 
was  credited,  even  by  medical  men,  till  they  be- 
came better  acquainted  with  the  anatomy 
pathology  of  the  parts. 


aad_ 


CHARLES. 

As  the   air  which  we  inspire   does   not    pass 
through  these  sinuses  (for  they  seem  from  your 
description  to  be  all  of  them  culs  de  sacs),  they 
I  suppose,  little  connected  with  the  exercise 
smell? 

DR.  A. 

They  have  acute  sensibility,  but  it  does  not  a 
pear  that  the  olfactory  nerve  is  diffused  over  thei 
so  as  to  constitute  tliem  a  part  of  the  organ  « 
smell,  probably  for  the  reason  which  you  mention.- 
Tile  odorous  paiticles  of  bodies  must  he  of  a  v 
minute  nature,  when  I  tell  you,  that  musk  i 


ambei^is  may  diffuse  a  continual,  nnd  strong 
odour,  for  a  long  period  of  time,  without  suffering 
any  diminution  of  weight.  Hallcr  found,  that  one 
grain  of  ambergris  imbued  8000  square  feel  of 
paper  with  its  peculiar  odour,  which  was  not  lost 
(luring  n  period  of  40  years :  and  you  may  readily 
conceive  how  minutely  some  substances  are  capa- 
ble of  diffusion,  and  how  exceedingly  small  a  por- 
tion is  cognisable  to  the  senses,  when  I  tell  you, 
that  the  same  great  physiologist  calculated,  that 
less  than  the  two  thousand  millionth  part  of  a  grain 
of  camphor  is  distinctly  perceptible  when  diffused 
in  air.  Lord  Valencia  mentions,  that  the  perfumes 
of  Ceylon  are  to  be  discovered  at  nine  leagues 
from  it. 

CHARLES. 

The  effluvium  left  on  the  ground  by  an  animal 
passing  over  it,  must  be  of  an  extremely  subtle 
nature ;  yet  it  is  palpable  to  dogs,  and  other  hunt- 
ing animals.  I  have  oflen  been  astonished  at  the 
acuteness  of  their  organs,  so  much  beyond  that  of 
which  we  have  any  idea  from  ourselves. 

DR.  A. 

This  is  a  matter  of  profound  admiration ;  and 
with  dogs,  it  will  even  go  to  the  extent  of  tracing 
out  their  master  by  scent,  among  many  other  per- 
ms.   Birds  seem  also  to  have  &  very  acute  smell; 

d  it  is  said  by  Shaw,  that  the  burouras,  or  large 
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homed  owls  of  the  deseit,  during  ttie  existence  c 
the  plague  at  Algiers,  used  to  hover  over  the  towq 
and  even  pitch  on  uifccted  houses ;  but  they  returw 
ed  to  their  native  deserts  after  llie  distemper  c 
Marvellous  accounts  have  been  given  of  Asiati 
birds  having  been  attracted  to  die  plains  of  Phai<' 
salia,  al^er  tlie  celebrated  battle  which  decided  tb) 
fate  of  Rome, 

HARRIET. 

We  hear  of  various  savage  tribes,  among  Ii 
diane,  being  endowed  with  a  tine  sense  of  smelE' 
It  would  appear,  therefore,  that  it  is  capable  oJ 
being  improved  according  to  circumstances. 

DR.  A. 

Many  such  accounts  are  given  by  authors ;  andi 
I  have  no  doubt  that  greater  attention  to  the  ob- 
jects of  perception  will  tend  to  cuhivate  its  power: 
but  it  is  even  said  that  the  olfactory  organs  a 
developed,  in  an  extraordinary  manner,  in  the  in< 
dividuals  of  some  of  those  tribes,  as  if  the  necessity 
for  the  exercise  of  such  faculty  increased  the  actua 
quantity  of  the  organ.  Qlumenbach,  in  his  plates 
of  skulls,  gives  the  head  of  an  American  Indian: 
chief,  who  was  executed  at  Philadelphia,  about  the 
year  1760,  for  murder,  in  which  the  cavity  of  the 
nose  was  of  extraordinary  magnitude.  He  i 
mentions  the  skulls  of  some  negroes  as  having 
larger  nasal  organs  than  are  usual  in  human  heads. 


e  have  seeu  that  domestication  produced  various 
cWiges  in  the  characters  and  forms  of  animals ; 
and  that  considerable  alterations  may  likewise  be 
effected  by  civilisation  among  the  human  race.  It 
is  to  be  remarked,  however,  that  among  Blumen- 
bacb's  heads  of  negroes,  there  is  a  very  great  di- 
versity in  form,  in  elevation  of  forehead,  in  the 
facial  angle,  and  in  the  magnitude  of  the  nasal 


SOPHIA. 

The  sense  of  smelt  is,  I  suppose,  universally 
given  to  animals;  but  there  are  some  which  do 
Dot  breathe,  as  fish ;  where  does  the  organ  lie  in 


Most  animals  liave  the  organ  of  smell;  and 
those  which  are  dependent  on  it  in  a  principal 
degree  for  discovering  their  food,  possess  it  in 
greatest  perfection.  Thus  hunting  animals,  as  we 
have  seen,  are  of  this  class ;  and  so  are  the  grami- 
nivorous, which  are,  by  their  smell,  led  to  the  par- 
ticular plants  which  are  most  suitable  and  accept- 
able to  them.  Fish  have  the  nerves  of  smell  dif- 
fused over  their  snouts,  in  order  to  give  assistance 
to  the  organ  of  taste;  but  it  may  be  observed,  that 
the  whale  has  no  olfactory  nerve,  and  seems  to 
be  entirely  destitute  of  any  organ  of  smell.  The 
precise  posiUon  of  the  organs  of  smell  in  insects 
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«nd  wortna  is  not  known,  though  it  has  been  { 
cectainet]  that  these  animals  are  endowed  with  thi 
sense.  The  spiracles,  or  breathing  pores,  whicl 
are  openings  tJiat  serve  the  purpose  of 
mouth,  to  admit  air  into  the  body  of  the  aiiinml, 
have  been,  in  the  former,  regarded  as  the  probable 
seats  of  the  organ  of  smell :  but  Kirby  and  Spence, 
the  authors  uf  the  delightful  work  oa  Entomologw] 
which  is  so  deservedly  a  favourite  with  the  publit 
ore  of  opinion  that  tliis  sense  is  placed  near  t 
mouth. 

The  ORGAN  OF  TASTE  bas  much  cotuiectioi 
with  that  of  smell.  By  smell  we  are  directed  t 
what  is  grateful  and  salubrious ;  and  by  taste  t 
derive  a  gratification  in  taking  food,  which  insure 
our  attention  to  the  nourishment  of  our  bodies 
and  therefore  to  the  preservation  of  our  health  a 
existence. 

CHAULES. 

Is  there  any  particular  nerve  which  is  appro 
priated  to  taste,  as  to  smell  ? 


I 


Anatomists  have  not  been  quite  agreed  as  to  t] 
particular  nerve  in  which  the  faculty  of  taste  i 
sides;  for  the  tongue,  which,  in  man  and  s 
other  animals,  is  the  prime  organ  of  toiite,  '. 
likewise  other  duties  to  perform,  for  which  it  fc 
a   curious   structure  of  muscles,  which,  , 


I,  require  nerves.  It  appears,  however,  that  the 
nerve  of  taste  is  a  branch  of  the  fifth  pair,  which 
is  ihe  nerve  that  gives  sensibility  to  the  face, 

Tlie  tongue  is  composed  of  an  assemblage  of 
nmscles,  which  are  necessary  for  performing  all 
llie  minute  motions  required  in  speech.  It  is 
covered,  as  the  other  parts  of  the  body  are,  with 
skin  and  cuticle ;  but  from  the  skin  arise  small 
elevations,  or  papillas,  most  numerous  on  the  point 
and  edges,  which  are  very  vascular,  and  on  which 
the  extremities  of  the  gustatory  nerve  terminate. 
Anatomists  distinguish  these  papillte  by  particular 
names,  from  their  supposed  shape  or  appearance, 
as  pyramidal,  fungiform,  and  conoid. 

CHARtES. 

The  continual  moisture  of  the  mouth  is  doubt- 
less intended  to  keep  the  organ  of  taste  in  proper 
order  for  its  exercise  ? 


Certamly ;  for  you  may  observe  that  when  the 
mouth  is  dry  and  parched,  the  power  of  tasting  is 
lost,  as  happens  on  sleeping  long  with  the  month 
open.  —  For  the  purpose  of  taste,  it  is  necessary  that 
the  food  should  be  to  a  certain  degree  dissolved,  or 
softened ;  for  it  could  not  otherwise  enter  into  the 
inequalities  of  the  tongue's  siu'face,  so  as  to  give 
rise  to  the  perception  of  taste. 
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SOPHIA. 

Does  the  tongue  then  produce  the  spittle,  i 
fluid,  wliich  keeps  the  mouth  moist? 

DR.  A. 

There  is  so  much  required  for  the  purpose  of 
lubrication,    and   also   for   moistening   the   food, 
during  mastication,  tlmt  besides  die  continual  so-  . 
cretion  of  n  fluid,   wliich   takes  place  from  i 
mouth,  in  common  with  all  other  cavities,  thei 
are  peculiar  organs,  or  glands,  situated  in  or  net 
the  mouth,  wliicli  are  destined  for  the  secretion  c 
the  saliva,  and  which  throw  it  into  different  parti 
of  the  mouth,  by  means  of  small  ducts  or  tubi 
Two  of  these  glands,  the  parotid,  are  situated  i 
the  side  of  the  face,  and  ascend  upwards  about  a 
inch  and  a  half  from  the  angle  of  the  jaw.     An* 
inflammatory  swelling  of  these  glands  constitutes 
the  mumps.     Two  otliers  are  situated  under  the 
lower  jaw,  called  tlie  submaxillary,  and  two  undei 
the  tongue,  called  the  sublingual. 

SOPHIA. 

Are  these  ducts  which  you  mention  capable  < 
being  discovered  in  the  mouth  ? 


A  nice  and  experienced  eye  may  detect  iheitia 
but  the  flow  of  the  saliva  which  they  throw  in  i 
90  gradual,  as  not  to  be  capable  of  being  disc< 
vered.     A  wound  in  the  duct  of  the  parotid  gland| 
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when  it  runs  along  the  fece,  is  difficultly  healed, 
on  account  of  the  continual  stilUcidium  of  sdiva 
which  takes  place  through  it.  Animals  living  in 
water  are  ndchout  this  apparatus,  which  is  obviously 
jniufpgsHry  in  them. 

^^k,  CHABLSS. 

^H  The  power  of  habit  seems  to  reconcile  the  taste 
^^o  the  most  varied  descriptions  of  aliment ;  whe- 
ther it  be  the  train-oil  and  the  raw  whale  of  the 
Esquimaux  ;  the  horse-flesh  of  the  Tartars  ;  or  the 
sst  caliaary  refinements  of  civilised  society. 


^^peatesl 


^niis  is  wisely  ordered  by  nature,  in  order  to  fit 
for  all  tlie  positions  which  he  may  have  on 
the  globe,  and  for  the  changes  of  abode  which 
may  occasionally  be  necessary  for  him.  In  ani- 
mus, too,  there  b  a  certain  latitude  afforded  to 
utAW,  according  to  the  circumstances  in  which  they 
may  be  placed;  and  we  shall  afterwards  find,  when 
come  to  the  subject  of  digestion,  that  ruminant 
>,  as  cows,  will  occasionally  reconcile  them* 
Ives  to  a  diet  very  different  from  their  ordinary  one. 

CHARLES. 

Is  the  tongue  the  only  organ  on  which  the 
of  taste  are  diffused?  for  it  would  appear, 

it  in  tasting,  we  employ  both  the  tongue  and 
roof  of  tlie  mouth,  diough  this  may,  indeed,  be 
:Iyfor  the  purpose  of  applying  the  thing  tasted 

the  papillie  of  the  tongue. 


I 


I  believe  it  Is  principally  with  this  view;  tliou^i] 
it  has  been  thought  lliat  the  nervous  expansioo 
extends  in  some  degree  to  the  palate,  sides  of  ths 
mouth,  and  Hps.     But  it  may  be  found,  that  if  » 
portion  of  sugar,  salt,  or  any  other  sapid  substani 
is  rubbed  on  the  tongue  with  the  finger,  the  tasi 
of  the  particular  substance  is  distinctly  perceivedj 
on  the  other  hand,  this  is  not  the  case  if  the  sai 
substance  b  applied  in  a  similar  way  to  the  palat 
or  any  other  part  of  the  inside  of  the  moul 
Blumenbach,   however,   mentions  the  case  of 
man  who  was  bom  without  a  tongue,  but  in  whi 
the  distinctions  of  salt,  sugar,  and  aloes,  were  ri 
dily  perceived,  and  were  expressed  in  writing,  whi 
'jny  of  these  substances  were  rubbed  on  the  pali 
Here,  however,  it  is  not  improbable,  that  soi 
branches  of  the  gustatory  nerve  might  be  commi 
nicated  to  the  palat't,  in  the  absence  of  tlie  orf 
on  which  they  were  usually  bestowed.^  The  tongue 
appears  to  be  an  organ  of  taste  in  most  ammals ; 
and  in  some  of  the  graminivorous,  it  has  elevations, 
directed  inwards,  which  assist  them  in  tearing  up 
grass.     Other  animals,  of  the  cat  kind,  have  the 
tongue  armed  with  sharp,  strong  prickles,  which 
aid  tliem  in  holding  their  prey.     With  some  ani- 
mals  tliis   organ   is   principally,  if  not   entirely, 
intended  as  a  means  of  procuring  their  food.     The 
ant-eater,  for  example,  tlirusts  its  long  hard  tonj 
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out,  and  waits  till  a  sufficient  number  of  ants 
settle  upon  It,  when  it  draws  It  in,  and  swallows 
them  whole.  The  chamelion's  tongue  is  likewise 
very  long,  and  Is  covered  with  a  viscous  secretion, 
by  means  of  which,  when  darted  forward,  the  small 

insects  which  constitute  Its  food  are  entangled. 
Ill  many  birds  the  tongue,  hard,  pointed,  or 

barbed,   is   thnist   out   as   an  offensive   weapon, 

by  means  of  a  curious  structure  of  appropriate 

muscles. 

SOPHIA. 

But  it  is  difficult,  in  many  of  the  examples  which 
jou  bave  given,  to  state  where  the  organ  of  lasle 
can  be,  as  the  tongue  is  obviously  incapable  of 
acting  in  tiiis  capacity,  from  its  hardness  and 
iosensibility. 

DR.  A. 

It  is  probable,  however,  that  the  organ  of  taste 
may  be  situated  behind,  so  as  to  receive  its  due 
gratification  in  the  act  of  swallowing,  which  we 
know  is  the  instant  at  which  the  enjoyment  of  tlie 
Lud  is  complete. 


END    OF   THE    FIRST   VOLUME. 
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CON\'ERSATIONS 


THE  ANIMAL  ECONOMY.? 


CONVERSATION  X. 

OF   THE   ODGANS    OF   SENSE. 
VISION. 


The  next  subject  to  which  I  mean  to  direct  your 
KtteDtion,  is  vision.  Tliis  is,  in  many  respects, 
the  best  understood  of  any  of  the  organs  of  sense ; 
and  as  the  operations  to  which  it  is  conducive, 
are  of  a  most  important  and  interesting  descrip- 
tion, and  very  much  within  our  cognisance,  it  has 
at  all  times  received  very  great  attention  from 
men  of  science.  The  eye  may  be  considered  as 
an  instrument,  allowing  the  entrance  into  it  of 
rays  of  light,  which,  after  various  refractions,  are 
impinged  on  its  back  part,  in  such  a  way  as  to 
communicate  the  impression  of  vision.  Ii  con- 
sists  of  a  globe  or  ball,  which  is  lodged 
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socket  of  bone,  and  has  the  optic  nerve  entering  8 
at  its  posterior  ptu-t,  through  &  hole  appropriated 
for  the  purpose.  It  has  implanted  into  it  v 
muscles,  destined  to  give  it  motion,  which  ai'iaci 
from  the  bony  case  which  surrounds  it,- 
bony  ease,  or  socket  of  the  eye,  is  constituted  v 
very  thin  bones ;  but  the  projecting  orbit  and 
cheek-bones  are  thick,  are  of  considerable  strengthi 
and  are  therefore  well  adapted  as  a  defence  UK 
the  eye. 

CHARLES. 

I  have  heard  of  serious  injuries,  and  even  deaq 
being  produced,  by  a  push  with  a  foil  in  the  e 
in  fencing ;  and  I  suppose  it  is  irom  the  dangtf 
thus  occasioned,  that  fencers  frequently  wear  mask^ 
for  the  more  effectually  guarding  against  such  a 
cidents. 


Certainly ;  tlie  eye  might  not  only  be  seriously 
injured  by  a  blow  or  a  push,  but  the  bone  is  little 
able  to   resist  the  application   of  violence;   attd 
hence  in  a  violent  lunge,  the  foil  might  ev 
netrate  into  tlie  brain,  and  thus  occasion  death.  - 
The  eye  consists  of  a  white  and  coloured  partjl 
the  former  being  called  the  albuginea,   or  whila 
of  the  eye ;  and  the  latter,  the  transparent  cornel 
\\''ithin   tlie  transparent   tomea,   is   a  party-co*! 
loured  circle,  which  is  called  the  iris:  and  in  tl 


centre  of  this  circle  is  an  opeuiag,  called  the  pupil, 
through  which  rays  pass  into  the  interior  of  the 
eye. 

HARRIET. 

Is  the  pupil  then  an  opening?  I  always  thought 
it  was  a  solid  black  body. 

DR.  A. 

It  appears  black,  just  as  an  opening  into  a  dark 
oiverD,  or  a  dark  room,  seems  so;  but  if,  within 
tlie  pupil,  there  should  be  any  change  of  sti-nc- 
ture,  by  which  there  is  an  interruption  to  the  pas- 
sage of  rays,  and  a  consequent  reflection  of  light, 
rthen  see  that  it  is  an  opening  in  the  iris. 
HAKKIET. 

But  it  seems  to  be  extraordinary  that  the  black- 
ness should  be  so  intense ;  for  one  would  imagine 
that  there  would  be  some  glimmering  from  with- 
out, through  the  coal^  of  the  eye;  and  at  any 
rate,  that  the  rays  which  pass  through  the  open- 
ing, would  have  some  effect  in  diminishing  the  ex- 
treme darkness  of  the  colour,  just  as  they  would 
the  darkness  of  a  room  into  which  they  might  be 
admitted. 

nn.  A. 
This  would  unquestionably  be  the  case,  unless 
^^■r  a  wise  provision,  wMch  a  very  slight  consider- 
^Blfcn  of  the  nature  of  light  and  colours  will  enable 


you  to  understand.     You  will  recollect  that  ligl 
by  means  of  a  prism,  is  capable  of  being  d 
into  seven  colours,  namely,  red,  orange,  yellofl 
green,  blue,  indigo,  and  violet.     The  colour  o 
body  consists  in  the  feflection  produced  by  it,  ( 
one  or  other  of  those  rays,  and  the  absorption  a 
all  the  rest;  while  while  and  black  may  be  ( 
garded   as  the  absence  of  colour ;  for  in  the  one, 
the  white,  all  the  rays  are  reflected,  in   the  other, 
the  black,  they  are  all  absorbed.     The  interior  of 
the  eye  is  lined  with  a  black  pigment,  which  ab- 
sorbs  all   the   light   that   might    otherwise    pass 
through,  or  be  reflected,  and  thus  interfere  with 
the  exercise  of  vision,  and  hence  arises  the  intenwf 
blackness  which  belongs  to  the  pupil. 

The  eye  is  pretty  nearly  a  ball  or  globe,  com 
posed  externally  of  coats  or  layers,  and  internal 
of  substances,  more  or  less  Buid,  called  bumourt 
The  whole  external  surface  of  this  globe,  witK 
the  exception  of  the  transparent  part  in  tront, 
consists  of  a  white,  firm,  hard  investment,  called 
the  sclerotic,  having  within  it  the  choroid  coat, 
and  last  of  all  the  retina,  or  visual  part  of  the  e; 
which  is  an  expansion  of  the  optic  nen 

There   are  thus  three   coats,  which  form   i 
principal  investments  of  the  eye ;  and   lliere  an 
also  three  humours,  which  fill  its  interior, 
first,  or  the  external,  is  the  aqueous  humour,  ( 
sisting  principally   of  water ;  the   second   is 


(;iyst>illuie  lens,  or  crystalline  humour,  which  is  a 
small,  transparent,  half-solid  mass,  Ijing  immedi- 
ately  behind  the  pupil ;  and  the  remaining  part  of 
the  eye  is  occupied  by  the  vitreous  humour,  which 
resembles  very  much  the  aqueous.  A  couple  of 
little  sketches  will  point  out  to  you  what  I  Iiave 
endeavoured  to  explain,  relative  to  the  general 
circumstances  of  structure  of  the  eye.  The  di- 
vision into  white,  or  albuginea  (a),  and  trans- 
parent cornea,  is  suflSciently  obvious.  So  is  the 
general  shape  of  the  eye,  and  of  the  cornea, 
placed  in  its  forepart,  just  as  if  a  portion  of  the 
opaque  sclerotic  had  been  removed  to  make  way  for 

I  and  allowing  the  iris  (l>)  and  the  pupil  (r)  to 

terior  of  the  eye,  you  must  suppose  a  horizontal 
section  of  it,  and  that  this  is  viewed  from  above. 
In  this  section,  the  iris  (a)  is  supposed  to  be  cut 
}ss,  and  lo  hang  in  the  cavity  which  is  devoK<l 
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to  the  reception  of  the  aqueous  humour,  diTidiq^ 
this  cavity  into  two  parts  or  chanabers ;  that 


--■x 


the  front  {b),  being  callcfl  the  anterior  chamber] 
that  behind  (c),  the  posterior. —  The  aqueous  hui 
mour  is  capable  of  speedy  reproduction,  when  bj| 
any  accident  it  may  be  removed. 

Behind,  is  the  crystalline  humour  or  lens  (dj 
which  is  a  small  transparent  body,  like  a  i 
pi-essed  sphere,  covered  with  an  exceedingly 
transparent  membrane,  or  capsule,  thick  and  glu- 
tinous in  the  exterior,  and  gradually  becoming 
firmer  and  denser  to  its  centre.  It  is  of  a  Gbroas 
nature,  and  has  been,  by  some  philosopher 
supposed  to  have  a  muscular  structure. 


This  is,  I  suppose,  what  comes  out  of  t 


of  a  fish  after  boiling ;  but  in  this  case,  heat  must 
have  the  power  of  coagulation,  so  as  to  make  the 
substance  opaque,  which  was  originally  transpa- 
rent. 

DR.   A. 

Certainly;  and  the  same  eilect  would  follow 
from  immersion  in  alcohol.  In  both  cases  it  will  be 
found,  that  there  is  a  pearly  part  within,  which  is 
of  a  much  firmer  consistence  than  that  towards  the 
circumference. 

SOPHIA. 

Is  not  this  the  part  which  is  affected  in  cataract  ? 
for  I  recollect  hearing  a  good  deal  about  the  crys- 
talline lens,  and  an  operation  upon  it,  which  our 
neighbour  Mrs.  S.  imderwent,  some  time  since, 
and  which  restored  her  sight. 

PDR.  A. 
In  a  cataract  there  is  a  change  in  the  charac- 
ter, either  of  the  crystalline  lens,  the  capsule,  or 
both,  by  means  of  which  they  become  opaque,  and 
impede  tbe  transmission  of  the  rays  of  light  to  the 
retina.  The  operation  consists  in  either  depress- 
ing the  lens,  that  is,  forcing  it  into  the  mass  of 
vitreous  humour  below;  entirely  removing  it;  or 
carefully  breaking  down,  with  a  proper  instrument, 
the  lens  or  its  capsule,  or  both,  and  bringing  the 
portions  into  the  anterior  chamber  of  tlie  eye, 
where,  by  being  subject  to  the  action  of  the  aqneous 
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humour,  a  sort  of  dissolution  of  the  opaque  por- 
tions takes  place.  Subsequent  absorption,  whea 
tile  operation  is  of  the  latter  kind,  and  succe^d% 
clears  the  eye  of  the  obstacles  to  the  entrance  of 

the  rays  of  light. 

aOPHIA, 

How  dreadful  must  such  operations  be;  and 
yet  I  was  surprised  to  hear  how  well  our  neighs 
bour  bore  hers. 

CHARLES. 

I  should  imagine,  however,  that  considering 
the  great  body  of  the  eye  to  consist  of  u  fluid,  or 
pulpy  mass,  there  would  not  be  much  sensibili^ 
internally. 

DR.  A. 

You  are  quite  right  The  exquisite  sensibi- 
lity of  the  eye  is  to  guard  it,  externally,  froni 
tlie  slightest  approach  of  injury;  for  not  only 
might  a  wound  destroy  its  organisation  entirely, 
but  inflammation,  by  forming  a  speck  on  it,  would 
prevent  the  passage  of  the  rays  to  the  interior  of' 
the  eye,  and  equally  interrupt  vision.  —  The  crys- 
talline lens  is  placed  in  the  anterior  part  of  the 
vitreous  humour  (/),  which  is  a  fluid  lodged  in 
small  transparent  cells  of  extreme  fineness,  and 
occupying  about  three  fourths  of  die  globe  of' 
the  eye.  It  is  surrounded  by  a  very  delicate 
membrane,  ctilled  the  hyaloid  membrane,  and 
is  not  capable  of  reproduction,  like  the  aqueous 
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mour,  if  lost.  Being  in  cells,  it  appears 
to  hnve  a  spissitude  which  it  does  not  possess, 
THe  sclerotic  coal  {it)  which  forms  the  externa! 
investment  of  the  eye,  is  so  named  from  its  bard- 
is  (a-xXi|^(DTi;,  hard).  It  is  thick,  tough,  and  firm, 
1  forms  the  principal  support  and  protection  to 
Ibe  eye.  The  muscles  which  move  the  eye  are 
»ertetl  into  it;  and  it  is  but  little  susceptible  of 
lammation.  The  front  of  the  sclerotic  coat, 
[iR^icb  terminates  at  Jl  g,  has  an  opening  in  it,  in 
which  is  fixed  the  cornea,  extending  from  J'to  g, 
and  so  called  from  its  horny  texture.  It  is  com- 
posed of  lamellas,  in  which  a  watery  fluid  is  lodged, 
which  is  retained  in  its  position  during  life  and 
health,  giving  a  plumpness  to  the  anterior  surface. 
\l  or  before  the  close  of  life,  this  fluid  oozes  out, 
and  forms  the  obscure  film  which  destroys  the 
transparency  of  the  eye,  and  forms  that  most  re- 

Kirkable  diflerence  between  the  activity  and  bril- 
ncy  of  this  organ  during  life,  and  its  dull 
ecured  state  in  death. 
HARRIET. 
You  speak  of  the  sclerotic  coat  as  being  little 
Bceptible  of  inflammation,  and  yet  the  white  of 
the  eye  is  frequently  blood-shot,  and  exijuisitely 
sensible  to  light. 


This  is  from  nu  affection  of  a  subsidiary  cover- 
B  5 


I 
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ing  to  the  eye,  called  the  adnata,  or  conjunctiva, 
which  is  a  reflection  of  the  common  skin  of  the 
eyelids.  It  covers  the  inner  surface,  and  tMfen 
doubles  back  to  invest  the  sclerotic  coat  and  the 
cornea.  It  is  very  vascular,  and  is  the  seat  of  i 
flammation  of  the  eye,  or  ophthalmia,  as  this 
called. 

HARniET. 

But  how  does  it  happen  that  a  white  surface,  ia. 
which  no  redness  is  at  all  apparent,  should  be 
far  altered,  as  to  become  almost  like  a  piece 
scarlet  cloth;   for  so  I  have  seen  the  eye  when 
inflamed  ? 


In  ordinary  circumstances,   the  membrane,  rf: 
which  we  now  speak,  is  supplied  with  vessels  so 
minute,  as  not  to  admit  into  them  tlie  red  parlit 
of  the  blood,  whicii  are,  as  I  shall  afterwards  hta 
occasion  more  particularly  to  notice  to  you,    veiy 
small  molecules,  in  which  the  colouring  matter 
of  the  blood  exists.      When  by  the  effects  of  dis- 
ease the  vessels  enlarge,  they  admit  particles  into 
them,  which  were  refijsed  entrance  when  they  were 
in  health;  and  thus  the  redness  is  produced. 
Within   the   sclerotic  coat,   is   the   choroid   (A] 
which  is  loosely  attached  by  cellular  substance 
the  sclerotic;  is  very  vascular;  is  divisible  into f 
membranes ;  and  has  a  villous  or  fleecy  appear- 
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MDce  on  the  inner  surface  of  the  inner  one.  It  se- 
cretes a  covering  of  black  paint,  which,  as  I  liave 
ah«ady  mentioned,  lines  the  inside  of  the  eye,  and 
indeed  may  be  said  to  imbue  the  whole  substance 
of  the  choroid,  in  order  to  absorb  any  reflected 
rays  which  might  render  vision  obscure:  various 
(^UcbI  instruments  are  iilcewise  covered  witli  black 

Kint,  in  their  interior,  for  the  same  purpose. 
SOPHIA. 
This  covering  of  paint  is  of  course  wanting  in 
linoes,  and  in  all  animals  which  have  red 
pils.  Since  you  mentioned  the  subject  at  our 
first  meeting,  we  have  had  an  opportunity  of  seeing 
m  &rret,  and  were  much  surprised  and  interested 
with  the  diflerence  between  its  eyes,  and  the  ordi- 
nary eye»  of  animals.  The  whole  of  the  eye  which 
was  not  white,  wus  of  a  fiery  red ;  even  tiie  iris, 
which  in  its  usual  state  is  beautifully  particoloured; 
but  some  of  the  rabbits  had  not  red  eyes,  which 
agrees  with  what  you  mentioned  to  us  us  oecasion- 

Ially  happening,  when  the  other  characters  of  the 
■Uiioo  are  present. 
I  Dl(.  A. 

I  The  choroid  coat  extends  over  tlie  vitreous  hu- 
biDur  as  far  as  the  cornea,  where  it  forms  the 
ciliary  circle  {i)t  and  processes.  The  iris  is  at- 
tached to  it  anteriorly,  and  is  so  denominated  from 
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ai'ious  colours.  Its  posterior  surface  is  called 
uvea,  from  having  a  mucous  covering  of  a  dark 
colour,  resembling  that  of  a  raisin,  which  has  been 
regarded  as  a  prolongation  of  the  choroid  coa^ 
and  secretes  a  similar  black  pigment.  The  office 
of  the  iris  is  to  act  as  a  curtain,  in  order,  by  iu 
contraction  or  dilatation,  to  allow  more  or  fewer 
rays  to  pass  into  the  eye,  according  to  circum- 
stances. It  is  suspended,  as  I  have  already  men- 
tioned, in  the  aqueous  humour,  which  it  divides 
into  two  chambers,  and  has  been  supposed  to  owe 
its  power  of  contraction  to  a  muscular  structure. 
It  does  not  appear,  however,  that  the  circum- 
stances on  which  this  depends  are  well  under- 
stood; for  contraction  is  not  produced  in  the  iri» 
by  the  same  stimuli  which  act  ordinarily  on  mus- 
cular fibres ;  as,  for  instance,  electricity  or  galvas- 
ism,  or  the  touch  of  instruments  during  operadoDf 
OH  the  eye.  There  is,  however,  this  circumstance 
lavourable  to  the  idea  of  muscular  structure,  inde- 
pendently of  contractility,  that  it  has  been  ascer- 
twned  that  the  iris  has  all  the  chemical  characters 
of  a  muscle,  its  constituent  parts  being  Jibrine^ 
that  particular  substance  of  which  muscles  con- 

—  The  inner  membrane  or  retina  {/),  so  called 
from  iXa  net-work  structure,  is  nearly  transparent, 
is  exceedingly  soti,  and  easily  torn,  and  is  composed, 
principally  of  a  medullary  substance  continued 
from  the  optic  nerve.     It  is  in  contact  with   the 


loroid  coat,  without  being  attached  to  it,  and  re- 
ceives no  tinge  fronn  its  pigment.  It  is  expanded 
over  the  vitreous  humour  (l),  and  is  the  immediale 
organ  of  vision ;  but  it  has  been  found  to  be  with- 
out sensibiHly,  wlien  touclied  by  an  instrument 
during  an  operation.  By  the  microscopic  ob- 
servations which  I  have  already  mentioned,  the 
optic  nerve  has  been  found  to  consist  of  many 
bundles  of  very  delicate  fibres,  formed  of  minute 
globules,  connected  by  a  gelatinous  substance; 
and  the  retina  appeared  to  be  a  continuation 
of  such  bundles  spread'uig  like  rays  from  the 
nerve  to  the  circumference,  where  they  ahnost 
disappear,  and  end  in  a  smooth  membrane. 
Though  the  retina  is  described  as  being  in  contact 
with  the  choroiil  coat,  and  as  forming  the  third  coat 
e  eye,  yet,  in  point  of  fact,  there  is  interposed 
Btweeii  them,  a  very  fine  membrane,  lately  dis- 
td  by  Dr.  Jacob  of  Dublin,  to  which  no 
me  has  yet  been  given.  It  is  very  delicate,  al- 
3st  transparent,  and  covers  the  retuia  from  the 
c  nerve  to  the  ciliary  processes,  and  is  common" 
vilh  most  other  animals :  this  therefore  is, 
wriy  speaking,  the  third  coat,  while  the  retina 
e  fourth, 

CHAnLLS. 

!  may  view,  then,  the  eye  as  a  fine  optical 
tneot,  in  which,  for  the  purpttse  of  conveying 
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the  rays  to  the  proper  focus,  a  complete  trana-  I 
parency  is  as  much  necessary,  as  the  perfect  clean- 
ness and  purity  of  the  lenses.  In  the  most  peribct  \ 
telescope  or  microscope. 


The  eye  is  the  most  perfect  of  optical  instru-  i 
ments.  The  transparency  of  the  cornea  allows  the 
rays  to  pass  from  an  external  object  through  it, 
into  the  pupil.  If  there  is  an  obscure  light,  the 
pupil  expands,  and  admits  more  rays;  if  there  is  a 
strong  light,  the  pupil  contracts,  and  cuts  off  an  in- 
convenient portion  of  tliem.  These  rays,  proceed- 
ing through  the  crystaltine  lens  and  the  vitreous  ' 
humour,  undergo  the  various  refractions  necessary 
for  giving  them  such  a  direction  as  will  make  them 
£ill  in  foci  on  the  retina,   from  which  the  impres- 


sion is  conveyed  to  the  sensorium.    This  may  rea- 
dily be  exemplified  by  a  small  diagram,  in  which 
rays  from  an  object  (a,  b,)  pass  through  the  pupil,    i 
and  the  crystalline  lens  [c),  and  are  impinged  on 
the  retina  at  a,  b.  , 


HARRIET. 

I  see  distinctly  how  the  refraction  takes  place, 
ao  as  to  effect  the  unton  of  the  rays  at  the  bottom 


of  the  eye.  But  the  image  of  the  object  is  in- 
rerted  in  the  retina.  Surely  we  do  ool  see  things 
upside  down  ? 

DR.  A. 

It  is  very  true  that  the  picture  of  an  object  upon 
the  retina  is  inverted ;  but  it  is  rather  too  mecha- 
nical an  idea  to  suppose  that  die  impression  on 
the  mind  ought  to  be  so  likewise.  In  becoming  ac- 
qualnled  with  external  objects,  sight  and  touch  go 
band  in  liand  in  giving  us  the  necessary  informal 
^on.  Upper  and  lower  are  positions  relative  to 
the  surface  of  the  eardi,  and  the  situations  of  our 
own  bociies  relative  to  it.  After,  therefore,  we 
have  become  aequiiinled,  by  touch,  with  the  dif- 
ferent parts  of  bodies,  and  have  learned  their  posi- 
tion relative  to  ourselves,  we  know  tliat  by  raising 
our  eyes  we  bring  tlieni  to  a  direction  which  we 
have  been  previously  informed  by  touch,  refers  to 
the  upper  part  of  an  object,  without  any  reference 
whatever  to  die  particulai*  mode  in  which  die  im- 
pression is  communicated.  In  this  way  the  dilTer- 
enl  situations  of  the  eye,  whether  elevated  or  de- 
pressed, naturally  direct  the  mind  to  make  a  suit- 
able judgment  of  the  aituatiou  of  objects  presented 
to  it. 

HARRIET. 

Is  the  union  of  rays  at  die  bottom  of  the  eye  a 
supposidon  merely,  or  has  it  been  the  subject  of 
actual  observation  ? 


I 


If  the  eye  of  a  sheep,  or  any  otiier 
have  the  sclerotic  coat  and  tlie  choroid  dissected 
from  the  retina,  and  be  placed  in  a  hole  in  a  win- 
dow-shntter,  or  a  box,  In  such  a  direction  as  to  ad- 
mit only  the  rays  from  the  sun  or  a  candle  through 
the  pupil,  the  image  of  llie  object  may  be  actually 
seen  impinged  on  the  retina.  It  is  a  matter  of 
some  difficulty  to  have  this  experiment  performed 
in  the  best  way ;  but  here  is  the  eye  of  a  sheep, 
from  which  I  have  removed  the  sclerotic  and 
choroid  coats,  so  that  you  may  see  the  medullary 
substance  of  the  retina  on  tlie  soft  jelly  of  the  vi- 
treous humour.  On  shutting  ihe  shutters,  and 
bringing  near  the  front  of  the  eye  n  small  lighted 
taper,  you  will  see  the  image  impinged  on  the  ex- 
posed surface  of  retina  behind. 

HAItniET. 

I  see  it  beautifully  represented;  and  Inverted 
too,  just  as   in  the  drngmm,  which  we  have  just 


This  is  a  very  satisfactory  experiment,  and  one 
which  does  no  harm  ;  lor  I  was  afrnid  that  it  was 
by  some  uncomfortable  process  that  the  impinge- 
ment of  the  rays  on  the  liack  part  of  the  eye  was 
rendered  evident. 

CHAni.E.S. 

The  usual    laws    of  r.  iVaction   are    I   presume 


K 


followed,  in  tbe  passage  of  pencils  of  raj's  through 
the  eyes,  just  as  through  any  lens. 


Certainly ;    and    perlia 


so  as  to  make  i 
which  it  may  be  inferred,  that  the  rays  will  pass 
on  lo  the  retina.     You  recollect  llie  laws  of  re- 
r  fraction  ? 


What  would  be  the  effect  of  rays  passing  from  . 
f  object  into  the  transparent  cornea  ? 


^n  When  rays  pass  from  a  rarer  into  a  denser  me- 
dium, as  from  air  into  water,  they  are  refracted  to 
the  perpendicular;  when  from  water  into  air,  from 
the  perpendicular. 

E  ^ 

^1  CHARLES. 

W^  If  we  make  a  small  portion  of  a  circle  a  b,  to 
represent  the  cornea,  and  draw  a  pencil  of  rays 
from  any  object  c,  lo  the  portion  of  circle  at  rf,  and 
passing  tlirough  it,  this  pencil  of  rays,  as  it  goes 
from  a  rarer  into  a  denser  medium,  will  be  bent 
to  the  perpendicular,  and  the  direction  will  be  in 
d  k  instead  of  df. 

nn.  A. 
But  then  rays  pass  from  all  parts  of  an  object, 
D  all  parts  of  the  cornea ;  and  in  what  direction 
nld  8  ray  impinged  on  c  be  directed  ? 


18 


ORGANS    OF    SENSE. 


CHARLES. 

It  would  proceed  in  the  direction  e  k,  and  in 
time  would  meet  the  other  ray  c  (4  in  a  focus 
Vi.k. 

DR.   A. 

That,  of  course,  is  on  the  supposition  that  the 
medium  continues  the  same ;  but  suppose  that  it 
were  necessary  to  have  a  furtlier  refraclion,  so 
to  unite  these  rays  nearer  the  object  c,  how  could 
this  be  effected  ? 

CHARLES. 

By  placing  another  substance  as  at  n,  of  greatoT 
refracting  power  than  the  first,  in  the  course  of 
the  re&acted  ray,  in  order  to  give  it  a  further 
bend. 


You  would  then,  if  the  medium  were  the  same, 
carry  the  ray  on  to  / ;  but  if  you  were  required 
to  unite  the  rays  still  nearer  the  object  r,  the 
medium  not  being  increased  in  density,  to  an- 
swer to  the  increased  density  of  the  additional 
refracting  body,  you  might  find  a  shape  in  the 
additional  refractor,  which  would  answer  the  pur- 
pose. 

CHARLES. 

That  would  be  the  double  concave  lens,  wliicht 
after  bending  the  rays  on  entering  the  lens  from 


I 


I 


rarer  medium,  to  the  perpendicular,  in  the  direo 
tioD  nit  will)  o^  their  emerging  at  the  opposite 
side  of  the  lens,  bend  them  from  the  perpendicular, 
and  thus  alter  the  direction  to  o,  and  produce  a, 
further  convergence. 

DR.  A. 

This  is  precisely  tlie  case  with  the  eye,  on  which 
it  is  necessary  that  such  a  refraction  should  take 
place,  as  would  produce  the  union,  exactly  at  the 
retina,  of  the  pencils  of  rays  which  enter  it;  and 
there  is  therefore  a  necessity  for  a  further  degree 
of  refraction  being  produced,  than  the  cornea  and 
aqueous  humour,  whose  density  are  pretty  much 
the  same,  are  capable  of  effecting.  Thb  takes 
place  through  the  medium  of  the  crystalline  lens, 
which  is  a  double  convex  lens  ;  and  it  occurs  very 
gradually ;  for  as  the  refracting  power  is  gradually 
increased  to  its  centre,  (where,  as  I  observed  to 
you,  it  is  firmer  and  denser  than  at  the  circum- 
ference,) the  curvature  which  the  pencil  of  rays 
undergoes  is  very  gradual. 

CHARLES. 

But  then,  according  to  the  principles  of  optics, 
the  focus  will  not  be  at  the  same  point,  when  ob- 
jects from  which  rays  proceed  are  at  iliSerent 
distances.  Has  the  eye  any  power  of  adjusting 
itself  to  the  difierent  distances  of  objects,  for  the 
purpose  of  obtaining  distinct  vision  ? 


I 
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DR.  A. 


It  possesses  such  a  power ;  but  philosophers  are 
not  altogether  agreed  upon  the  mode  in  which  it 
is  exercised.  I  find,  however,  that  I  must  defer 
the  explanation  of  this  matter,  and  the  further 
prosecution  of  the  subject  of  vision,  till  our  next 
meeting. 


m 
W                      CONVERSATION  XI.                   ■ 

H                                  OF    THE    OROAHB    OF    SENBE.                            H 
^^                                           VISIOK  CONTINUED.                                    ^H 

You  asked  me,  Charles,  when  we  last  met,  whe- 
ther the  eye  possessed  any  power  of  accoramodat- 
ing  itself  to  the  different  distances  of  objects,  in 
order  to  obtain  distinct  vision ;  because  you  very 
properly  observetl,   that  the  focus  at  which  rays 
will  unite,  at  the  back  pan  of  the  eye,  will  not  be 
at  the  same  point,  when  the  objects  from  which 
rays  proceed  are   at  different  distances.     If  the 
curve  of  the  cornea  were  capable  of  alteration ; 
or  the  retina,  by  some  pressure  upon  the  body  of 
the  eye  which  could  lengthen  its  axis,  could  be 
made  to  recede;  or  if  the  crystalline  lens  could 
be  altered  in  shape,  so  as  to  have  its  curvature 
changed ;  or  its  position  in  relation  to  the  retina 
could  be  made  to  vary,  then  a  slight  degree  of 
consideration  will  show  you,  that  such  an  accom- 
modation could  be  effected  as  would  answer  the 
purpose. 

rvisiOK.  SS 

CHARLES. 

The  atteration  of  the  curve  of  the  cornea  seems 
to  be  A  very  natural  mode  erf  producing  the  effect. 

DB.  A. 

And  B  very  effectual  one  too,  if  it  were  found  to 
take  place;  but  though  this  was  rendered  probi^e 
from  some  nice  experiments^  made  by  Sir  Everard 
Home  and  Mr.  Ramsden,  on  the  changes  which 
occur  in  the  convexity  of  the  cornea  in  viewing 
objects  at  different  distances,  yet,  as  it  was  found 
by  Dr.  Young,  that  the  eye  possesses  the  power  of 
accommodation  when  the  cornea  is  in  contact  with 
water,  and  when  therefore  all  the  effect  of  its 
change  of  figure  would  be  lost,  it  is  clear  that  this 
opinion  must  be  given  up, 

fe  HARRIET. 
do  Dot  quite  understand  the  neceasity  for  the 
.jjstment  to  different  distances  which  you  speak 

of:    perhaps  you  can  make  the  subject  a  little 
more  intellifrjble. 

ftD^.  A. 
Iff  in  the  diagram  which  I  showed  you  (Vol.  IJ, 
14.),  and  lo  which  I  must  again  reter,  you  place 
an  object  nearer  to  the  eye  than  that  which  is  alrea- 
dy represented,  you  wouid  find  that  the  rays  from 
ifais  second  object  will  condense  into  a  focus  before 
y  come  to   the  retina,   and   thus  be  indistinct. 
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You  may  ascertain  the  fact  by  shutting  one  ey% 
and  while  you  are  looking  with  a  single  eye  at  any 
object,  as  that  tree,  wjiicii  is  about  fifty  yards  from 
you,  hold  a  pencil  in  the  same  direction,  at  about 
a  foot  distance  from  your  eye,  and  you  will  6ndj 
that  while  you  see  the  pencil  distinctly,  the  tree 
will  appear  indistinct;  but  if  you  adjust  your  eye 
so  as  to  see  the  tree  distinctly,  then  the  pencil  will 
appear  indistinct. 

HARRIET. 

The  thing  is  now  quite  intelligible  to  me. 
There  is  a  sort  of  iH-deflned  edge  on  the  object  to 
which  the  eye  is  not  accommodated,  which  the 
other  is  without;  and  if  by  any  of  the  meana 
which  you  mention,  the  focus  can  be  made  to  be 
nearer  or  more  remote,  according  to  circumstances* 
that  is,  can  be  made  to  be  in  the  retina,  instead  of 
witliin  or  beyond  it,  distinct  vision  will,  of  course, 
be  accomplished. 

nn.  A. 

I  have  stated  to  you  that  no  alteration  in  the 
curvature  of  the  cornea  takes  placet  so  tliat  the 
effect  is  not  produced  in  this  way  ;  neither  can  it 
be  proved  that  any  elongation  of  the  body  of  the 
eye  occurs,  which  some  supposed  could  be  effected 
by  the  pressure  of  the  muscles  of  the  eyeball,  A 
power  belonging  to  the  crystalline  lens  of  altering 
its  form,  either  by  some  muscular  operation, 


I 
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some  other  way,  whicb  is  not  sufficiently  under- 
stood! was  long  considei-ed  as  that  by  which  the 
[ihenomenon  could  be  most  readily  accountwl  Ibr. 
But  though  the  lens  exhibited  something  of  a 
fibrous  appearance  under  the  microscope,  there 
seemed  to  be  no  sufficient  proof  of  its  change  of 
shape  to  settle  the  jioint  in  (juestion.  It  was  for- 
merly supposed  that  the  ciliary  processes  might  be 
of  a  muscular  nature,  and  be  concerned  in  the  ad< 
justment  of  the  eye,  and  at  Sir  Everard  Home's 
request,  Mr.  Bauer  directed  his  particular  atten- 
tion to  the  nature  of  those  substances.  By  ex- 
amining them  in  the  field  of  his  microscope,  he 
tbund  that  there  were  about  eighty  of  them ;  that 
they  were  about  a  quarter  of  an  inch  in  length ; 
had  their  origin  all  round  the  capsule  of  the  vitre- 
ous humour,  passed  over  the  edge  of  the  lens, 
and  terminated  in  its  capsule,  to  which  they 
were  attached.  Sir  Everard  infers  that  tliese  pro- 
cesses are  of  a  muscular  nature,  that  they  can  con- 
tract to  one  half  their  length,  which  is  to  the 
extent  of  one-eighth  of  an  inch,  and  tliat  by  their 
contraction  they  can  pull  back  the  lens,  so  as  to 
approximate  it  sufficientiy  to  the  retina,  to  pro- 
duce the  adjustment  necessary. 

CHARLES. 

This   is   3   very  beautiful  discovery,   but   can 
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microscopic  obser\'ations  be  siifficieDtly  depended 
upon  to  settle  such  a  difficult  (juestion  ? 
on.  A. 
There  Is  no  question  of  Mr.  Bauer's  skill  in 
use  of  the  microscope,  and  his  accuracy  of  observ- 
ation ;  and,  setting  aside  the  difBcuhies  which  are 
connected  with  the  study  of  organization  so  minut^ 
there  is  much  appearance  of  truth  in  the  deductioiu 
which  Sir  Everard  has  made  on  this  subject. 

HARRIET. 

You  mentioned  the  cure  of  opacity  in  the 
crystalline  lens,  by  the  depression  or  the  removal 
of  the  lens.  If  the  patient  had  the  same  power 
before  the  operation,  of  accommodating  the  eye  Ut 
different  distances,  this  would  be  ag^nst  the  ideA' 
that  an  alteration  in  the  form  or  position  of  the 
lens  produces  the  adjustment. 


This,  however,  is  not  the  case ;  for  it  has  been 
found  atler  such  an  operation,   that  the  eye  had 
not  the  same  power  which  it  originally  possessed; 
and  that  the  assistance  of  glasses  b  necessary,  in  J 
order  to  produce  distinct  vision  at  diflerent  di»>  I 
tances. 

CHARLES. 

Have  any  calculations  been  made  of  the  re-  J 


Atmospheric  air,  is 

1-00032 

Water 

1-3358 

The  aqueous  humour 

1-3366 

The    central    part   of   the 

crystalline  lens     - 

1-3990 

The  whole  lens 

1-3839 

Tlie  vitreous  humour 

1-3394 

speclive  quantities  of  refractive  power  possessed 
by  the  different  parts  of  the  eye  ? 


^    From  experiments  made  on  this  subject,  it  would 
appear,  that  the  refractive  power  of 


L  CHARLES, 

there  are  two  images  of  every  object  pre- 
to  the  inward  sense,  I  suppose  there  is 
some  sort  of  sympathy  or  accordance  between  the 
two  eyes,  which  enables  them  to  see  an  object  as 
one,  and  not  two. 

■H^  DR.  A. 

^K  And  yet  you  may  very  readily,  by  a  little 
"*  tnanagement,  see  the  same  object,  either  as  one 
or  two.  If  you  put  two  candles  on  a  table,  at  dif- 
terent  distances  from  the  eye,  and  in  the  same 
line,  it  is  clear  that  you  can  see  both  of  them  at 
the  same  time.  Let  us  try  the  experiment.  Now 
attend,  Harriet,  to  the  further  one ;  how  does  the 
nearer  appear  to  you  'f 
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HARRIET. 

I  see  two  images  of  the  nearer  one. 

^  DR.    A. 

Look  next  at  the  nearer  candle,  and  what  ap- 
pearance does  the  fnrther  make  ? 

HAHBIET. 

I  now  see  two  images  of  the  further  one. — 
This  is  exceedingly  curious ;  but  is  the  same  cii^ 
cumstance  applicable  to  all  objects  seen  at  dl&iu 
ent  distances  ? 

DR.  A. 

Certainly  so ;  but  the  subject  does  not  strike  ub 
nl  once,  from  the  circumstiince  of  tlie  object  to 
which  the  eye  is  directed,  being  the  principal,  or 
indeed  the  only  one  attended  to  in  ordinary  cir- 
cumstances. A  certain  power  of  accommodation 
of  the  two  eyes  to  one  object,  is  therefore  necessary 
to  correct  vision ;  and  many  intoxicated  persons, 
or  those  who  have  lost  the  command  of  their  eyes 
in  certain  diseases,  see  objects  double. 

SOFHIA. 

But  I  cannot  understand  why,  at  one  time,  two 
images  on  the  retina  should  give  the  perception  rf 
one  object;  while,  at  another,  they  shotdd  give 
the  perception  of  two. 


I 


The  quesUon  is  difficult,  and  has  given  rise  to  i 


VISION.  S9 

giHid  deal  of  controversy.  In  order  to  understand  it, 
it  is  necessary  to  consider  some  circumstances  rela- 
tive to  the  motions  of  the  eye.  The  axis  of  the  eye  is 
a  straight  line,  which  is  supposed  to  puss  througii 
the  centre  of  the  pupil,  and  of  the  crystalline  tens, 
and  to  tall  on  the  middle  of  the  retina:  in  viewin^r 
an  object,  we  turn  our  eyes  In  such  a  way,  us 
that  the  axis  of  each  eye  will,  when  protracted, 
meet  iu  the  centre  of  the  object.  But  if  we  turn 
«iie  eye  to  an  object,  the  other  is  instantly  turned 
to  the  same  object.  We  cannot  move  one  with- 
out the  otlier;  and  we  may  feel  that  if  one  of  the 
eyes  is  even  shut,  it  follows  the  motion  of  the  other, 
just  as  if  it  were  open  :  this  is  called  the  paralell 
motion  of  the  eyes.  But  you  wUl  easily  understand, 
that  the  natural  motion  in  vision  cannot,  under 
any  circumstances,  be  precisely  parallel ;  because 
the  rays  which  fall  upon  the  retina  of  each  eye, 
Ibrni  an  angle  in  the  object  from  which  tliey  pro- 
ceed, and  therefore  diverge  in  going  to  the  eye. 
You  will  likewise  see  that  the  greater  the  distance 
is  (hat  the  object  is  from  the  eyes  the  more  nearly 
parallel  will  their  motions  be. 

Now  the  most  sensible  part  of  the  retina  is  at 
the  centre  of  each  eye ;  and  when  the  eyes  aje 
turned  to  the  same  object,  the  rays  are  necessarily 
impinged  upon  such  centre,  and  you  have  perfect 
and  single  vision.  But  if  you  press,  with  your 
finger,  one  of  the  eyeballs,  in  such  a  way  as  that 
c  3 
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the  rays  should  not  fall  upon  the  centre,  then  yoa 
have  double  vision  produced.  There  is,  therefore, 
some  sympathy  or  corresjtondence,  whether  na- 
tural or  acquired,  between  the  centres  of  each 
retina,  by  means  of  which  an  image  faUing  on 
both  of  them,  conveys  to  the  sensoriiim  the  im- 
pression of  one  object  only.  The  centres  of  each 
retina,  therefore,  correspond,  as  it  has  been  termed, 
with  each  other.  You  will  readily  understand 
this,  by  a  diagram,  in  which  two  globes,  having 
each  the  optic  nerve  at  their  bottom  proceeding 
from  them,  represent  the  two  eyes,  turned  both 
of  them  to  the  object  (a). 


It  is  obvious  that  a  straight  line  from  (a)  will  fiiH 
on  the  retina  at  its  centre,  just  as  &r  from  the 
optic  nerve  of  the  one  eye,  on  one  side,  as  from 
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^*flie  optic  nerve  of  the  other  eye,  on  the  other. 
Under  such  c'lrcutntitances,  distinct  and  single 
vision  are  produced.  But  if  you  move  the  globe 
of  one  eye,  so  as  that  rays  from  die  object  (a)  will 
not  pass  through  the  centre  of  the  pupil  and  of  the 
lens,  and  will  be  impinged  on  the  retina  of  one  eye, 
at  some  distance  from  the  centre  of  the  retina, 
while  in  the  other  they  are  impinged  on  the  centre 
of  the  retina,  Uien  double  vision  is  produced. 
The  rays  do  not,  in  tliis  case,  fall  upon  points  of 
the  retina  which  are  corresponding. 

SOPHIA. 

You  have  made  this  very  intelligible  as  far  as 
the  centre  of  the  retina  goes,  or  the  point  into 
which  the  axis  of  the  eye  enters ;  but  then  all  ob- 
jects which  we  view,  and  every  part  of  the  same 
object,  are  not  at  one  point;  and  therefore  the 
impingement  must  occupy  some  sensible  space  of 
the  retina,  which  must  be  greater  or  less,  accord- 
ing to  the  magnitude  or  number  of  the  objects 
been  at  one  time. 


fboecl 


If  the  object  (u)  be  placed  at  one  side  of  the 
t  (a),  and  on  the  same  plane,  it  will  be  seen 
'single,  as  well  as  the  abject  (a)  ;  and  tlie  rays 
proceeding  from  it  will  proceed  to  the  retina  in  the 
direction  of  the  doited  lines. 

Now  consider  under  what  circumstances  single 
m  is  produced.     It  takes  place  if  the  rays  are 
c  4 
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impinged  on  the  centre  of  the  retinn ;  but  it  like- 
wise occurs,  if  rays  fall  on  the  retina,  at  the  s&me 
side  of  the  centre,  and  at  equal  distances  from  !t« 
as  is  the  case  with  the  dotted  line.  The  centres 
of  the  retina,  therefore,  and  such  parts  of  tt  as  are 
at  equal  distances  from  the  centre,  on  the  same  sid^ 
correspond  with  each  other,  and  are  termed  corre- 
sponding points,  and  if  rays  &U  upon  them,  single 
vision  takes  place. 


L 


In  the  case  of  the  candles  seen  at  different  dis- 
tances, suppose  you  look  at  the  more  distant  (b), 
the  candle  (c)  is  seen  double,  and  the  images  ap- 
pear as  if  the  objects  were  at  {d  d),  but  the  rays 
fiill  from  the  candle  (c)  on  the  retina,  in  the  direc- 
tion of  the  dotted  lines ;  that  is,  on  opposite  sides 
of  the  centre  of  the  retina,  instead  of  the  same  side, 
and  double  vision  is  tlie  consequence. 
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HARRIET. 

When  the  eye  is  distorted  as  ui  scjuinting,  do 
people  see  double  ?  I  never  heard  of  this  being 
the  case,  though  it  seems  as  if  it  should  be  so,  ac- 
cording to  the  system  of  corresponding  points. 


People  do  not  see  double  in  squinting:  and  it 
would  therefore  seem  probnble,  that  when  the 
distortion  is  a  very  slight  one,  there  has  been  ii 
power  exercised  by  the  eye,  of  having  certain 
(mints  made  corresponding,  whicli  were  not  origi- 
nally so.  Tliis,  of  course,  involves  the  consider- 
ation of  whether  points  were  corresponding  by 
an  original  law  of  our  nature,  or  by  the  effects  of 
habit  and  experience.  In  general,  however,  when 
people  s<]uint,  the  distorted  eye  is  turned  so  far  to 
one  side,  as  not  to  receive  rays  from  the  object 
9een  by  the  other ;  so  that,  in  this  case,  one  eye  in 
for  the  most  part  only  employed,  and  double  vi- 
sion of  necessity  not  produced.  But  it  is  to  be 
remarked,  that  a  distorted  eye  is  generally  weaker 
than  a  sound  one ;  and  in  such  a  case,  the  stronger 
itnpiession  of  the  sound  eye  is  principally  nilended 
to :  that  of  the  weak  is  comparatively  overlooked  ; 
and  a  distortion  spontaneously  occurs,  in  order  to 
cut  off  the  rays,  and  avoid  confusion.  —  The  con- 
joint operation  of  both  eyes  is  not  merely  useful 
for   incfeasing  the   strength   of  impression.     In 
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mnny  instances  it  likewise  facilitates  the  power  of 
direction,  as  you  will  find  if  you  try  to  thread  a 
needle,  or  to  introduce  a  stick  into  a  ring,  with 
one  eye  instead  of  two. 

SOPHIA. 

For  the  sempstress's  operation,  I  flatter  myself 
that  I  may  be  some  authority ;  but  1  am  really 
surprised  at  the  diificulty  of  hitting  the  eye  of 
the  needle  when  one  eye  is  shut,  I  should  have 
been  inclined  to  racpect  more,  rather  than  less 
precision  with  one  eye,  if  the  tiial  had  not  un- 
deceived me. 

DR.  A. 

There  is  a  remarkable  circumstance  connected 
with  impingement  on  the  retina,  which  was  dis- 
covered by  die  Abbe  Marriott* ;  it  is  this,  that 
such  rays  as  fall  on  the  part  where  the  optic  nerve 
enters  the  eye,  and  pierces  the  sclerotic  and  choroid 
coats,  for  the  purpose  of  being  diffused  over  the 
latter,  in  the  form  of  retina,  is  insensible,  and  pre- 
sents no  image  to  the  mind. 

SOPUIA. 

This  is  exceedingly  curious.  But  how  can  this 
point  be  rendered  evident  ? 

DR.  A. 

It  can  very  readily  be  done  ;  and  for  this  pur- 
pose, I  shall  put  three  small  pieces  of  white  paper 
on  the  wall,  at  about  two  feet  distance  from  each 


other.  Now,  stand  opposite  the  middle  paper,  at 
V  the  distance  of  four  feet,  and  shut  your  left  eye, 
I  holding  your  finger  upon  it.  Look  at  the  left- 
lliand  paper  with  your  right  eye.  You  see  the 
K'Whole  of  the  three  portions  of  paper,  though,  of 
ftcourse,  the  left  hand  one  more  distinctly. 

SOPHIA. 

Certainly. 

DIl.    A. 

Keep  your  body  in  die  same  position,  and  re- 
I  tire  gradually.  You  arc  now  about  seven  feet 
I  from  the  wall,  but  do  you  see  the  middle  paper? 

SOPHIA. 

I  do  not,  though  I  see  each  of  the  others. 

DR.    A. 

Retire  a  yard  or  two  further  back. 


J  now  see  the  middle  paper,  and  both  the  others 
ikewise ;  so  that  it  is  clear,  that  the  rays  proceed- 
ing from  the  middle  paper,  while  I   was  at  the 
Ijdistance  of  seven  feet  from  the  wall,  though  they 
fell  on  the  eye,  were  not  actually  seen. 

DR.  A. 

The  reason  of  this  is,  that  the  optic  nerve  enters 
I  the  eye,  rather  to  the  inside  of  tJie  centre  of  the 
t  retina;  and  when  you  retired,  keeping  the  eye 
1-iteadily  on  the  left-hand  paper,  the  rays  from  the 
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middle  one  fell  on  that  part  of  the  eye  where  the 
optic  nerve  enters,  as  you  might  easily  convince 
yourselves,  by  varying  one  of  the  diagrams  which 
I  have  shown  you.  The  third  paper  Is  only 
necessary  for  greater  distinctness ;  for  the  same 
circumstance  is  equally  demonstrable  with  two 
portions.  But  the  experiment  may  be  varied,  so  as 
to  show  the  insensibility  of  the  same  portion  of 
both  eyes  at  the  same  time.  Thus,  put  two  pieces 
of  paper,  Harriet,  at  the  distance  of  tliree  feet 
from  each  other  on  the  wall,  and  retire  to  the  dis- 
tance of  12  or  13  feel.  Keep  your  eyes  on  the 
paper,  and  hold  a  finger  upright,  about  eight 
inches  before  your  eyes,  still  viewing  the  papers. 

HARRIET. 

My  finger  appears  double,  the  papers  single. 

Of  course ;  but  you  will  find  that  there  is  a  po- 
sition, in  which  your  finger  will  conceal  from  the 
right  eye,  on  your  shultmg  it,  the  view  of  the  left 
hand  paper;  and  from  your  left  eye,  on  your 
shutting  it,  the  view  of  the  right  hand  paper. 
Keep  your  finger  in  this  precise  position,  and 
look  at  it  steadily  with  both  eyes. 

HARRIET. 

1  now  lose  sight  of  both  papers ;  so  that  the 
rays  must  have  fallen  on  an  insensible  part  of  the 
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^^letina  in  both  eyes.  But  why  should  this  be  the 
case?  for  I  should  have  expected,  that  the  nerve 
itself  would  have  been  endowed  with  all  the  sen- 
sibility of  the  part  derived  trotn  it. 
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i  Philosophers  were  much  puzzled  about  this  cir- 
ciunstance,  when  it  was  first  known ;  and  some 
were  disposed  to  consider  the  choroid  coat  as  the 
peculiar  seat  of  vision ;  because  it  was  wanting  in 
this  particular  spot  where  the  nerve  penetrated. 
But  your  difficulty  is  removed  by  the  considem- 
tion,  that  the  nerve  itself  is  not  the  organ  of  vision, 
but  the  expansion  of  the  nerve ;  and  that  we 
might  as  well  expect  the  nerve,  in  any  part  of  its 
course  from  the  brain  to  the  organ ;  or  even  the 
brain  itself,  as  the  source  of  the  nerve's  energy,  to 
be  endowed  with  visual  power,  as  that  tiie  nerve 
should  possess  it  at  this  particular  place,  where 
formation  of  the  organ  is  only  to  commence. 

HARRIET. 

How  beautiful  and  perfect  an  instrument  must 
the  eye  be,  when  it  is  considered,  that  the  minutest 
object  of  a  large  landscape  is  correctly  painted  on 
so  small  a  space  as  the  retina  must  be,  with  ail  the 
vivid  colours  of  nature ;  but  I  suppose  there  are 
varieties  in  the  perfection  of  ihe  instrument,  or  it-^ 
fitness  for  producing  tlie  due  impression  on  the 
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The  instniment  is  perfect  when  the  rays  pass 
through  the  eye  without  interruption,  and  unite 
a  focus  upon  the  retina.  But  then,  witli  some)  the 
refractive  power  of  the  eye  is  so  great,  as  produce 
the  convergence  on  tlie  retina  too  soon.  This  is 
called  short-sightedness,  or  myopii^m,  from  mice 
being  supposed  to  have  such  kind  of  sight;  where- 
as, on  the  other  hand,  wlien  the  rays  are  not 
brought  to  a  focus  with  sufficient  readiness,  pres- 
byopism,  or  long-sightedness,  is  produced. 

This  will  be  readily  understood  from  a  diagram, 
in  which  an  image  is  formed  at  a,  before  the  rays 
reach  the  snr&ce  of  the  retina,  so  that  they  again 
begin  to  diverge ;  and  these  diverging  rays  give 
the  indistinct  vision  of  a  short-sighted  person. 


1 
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A  double  concave  lens  (a)  makes  the  rays  di- 
verge, and  thus  retards  their  convergence  into  «  I 
focus  to  the  requisite  extent. 
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In  another  diagram  the  rays,  as  at  B,  do  not 

converge  sufficiently  soon,  and  tlierefore  require 

tie  additionid  refraction  which  the  double<convex 

^^]ens  A  affords. 

^P  So  that,  in  the  short-sighted,  the  object  is  to 
diminish,  and  in  the  long-sighted  to  increase,  the 
refraction  exercised  on  the  rays  which  are  admitted 
into  the  eye. 


CHARLES. 

The  diminution  of  the  power  of  refraction  in 
eye  is,  I  imagine,  a  symptom  of  the  approach 
age. 


t 


It  is  termed  presbyopism,  from  being  the  com- 
mon defect  of  old  people,  and  it  is  one  of  the  ear- 
liest marks  of  failure  in  the  natural  powers.  With 
me,  you  may  have  observed,  that  the  nice  ope- 
ration of  nibbing  a  pen,  and  reading  very  small 
print,  has,  for  some  time  past,  required  the  assist- 
ance of  a  glass.  Around  the  nib  of  the  pen  there 
is  a  slight  cooiusion,  owing  to  the  rays  not  con- 
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verging  into  a  focus  at  the  usual  distance  from  the 
eye,  and  a  glass  of  slight  power  removes  itj  while 
both  in  doing  this,  and  in  reading  small  print,  the 
distance  at  which  the  focus  could  be  correctly 
made,  would  be  beyond  that  at  which  small  objects 
could  be  readily  seen;  and  therefore  the  assistance 
of  a  gloss,  of  more  or  less  magnifying  power,  is 
required.  —  Sometimes  it  has  happened,  that  one 
eye  has  been  myopic,  and  the  other  presbyopic,  so 
as  to  require  glasses  of  different  nature  for  the 
purpose  of  obtalniilg  perfect  vision. 

CHARLES. 

Does  the  eye  lose  power  in  advancing  life,  iiule- 
pendendy  of  the  altered  faculty  of  accommo- 
dation ? 

»R.    A. 

When  the  nervous  sensibility  of  the  eye,  that 
is,  the  power  of  the  retina  to  communicate  Impres- 
sions to  the  sensorium,  Is  gone,  or  diminished, 
then  blindness,  in  various  degrees,  takes  place : 
and  one  usual  consequence  is  the  more  or  less 
expanded  state  of  the  pupil,  and  its  diminished,  or 
total  insensibility  to  the  action  of  light- 
But  there  is  a  very  singular  natural  detect  in 
the  eyes  of  some  persons,  altogether  independent 
of  disease ;  and  that  is  the  want  of  the  power  of 
discrimina^ng  certain  colours.  A  curious  story  i*- 
told  of  a  Glasgow  student,  who  could  not  distin- 
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'  giibh  between  red  and  green ;  so  that  it  used  to  be 
a  common  trick  among  his  fellow-collegians,  to 
throw  his  red  gown  (which  he  wore  as  a  student) 
upoD  the  grass,  in  order  to  enjoy  his  difficulty  ia 
iding  it.  —  Dr.  Priestley  mentions  a  case  in  the 
lilosophical  Transactions,  in  which  a  similar 
Scutty  of  distitiguishing  between  red  and  green 
Jsted;  the  person  being  able  to  discover  cherries 
a  trees,  only  from  their  differing  in  size  and  shape 
rom  the  leaves.  He  could  distinguish  a  difference 
in  stripes;  but  all  light  colours  he  described  as 
white,  and  dark  ones  as  black.  Two  of  his  bro- 
thers had  defective  vision ;  one  of  them  calling 
light  green,  yellow;  and  orange,  the  colour  of  grass. 
—  Dr.  Priestley's  case  was  the  means  of  another 
being  brought  forward,  in  which  pink  and  pale 
blue  appeared  alike,  as  did  full  red,  and  full  green. 
The  person  could  distinguish  all  shades  of  yellow 
and  blue,  except  pale  blue ;  but  full  purple  and 
Bdeep  blue  sometimes  baffied  him ;  and  claret  co- 
Hbuf  appeared  like  black.  This  person's  lather, 
B^^ne  of  his  sisters,  and  an  uncle  on  the  mother's 
side,  had  a  similar  defect;  as  had  two  sons  of  his 
sister,  but  her  daughter  had  perfect  vision.  —  Dr. 
Nicholl,  of  Ludlow,  has  described  two  curious 
cases  of  this  kind,  which  came  within  his  own 
particular  observation.  In  one  of  them,  a  young 
aDtleman  of  10  years  of  age,  could  not  distinguish 
;  but  with  the  exception  of  dark  bottle-green. 
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which  he  called  browo,  he  termed  other  greenS  J 
red.     Red  and  blue  he  could  discriminate;  bntj 
light  red  and  pink  he  called  light  blue ; 
low,  yellow ;  and  darker  yellows,  and  light  brow: 
he  confounded  with  red.     Grass,  and  green  baize 
he  considered  of  the  same  colour ;  and  once  said 
that  he  knew  fowls  were  contained  in  a  butter 
basket,  carried  by  a  countrywoman,  from  seeing! 
the  red  feathers  hanging  out,  whicli  proved  to  be  J 
green  leaves  with  which  her  butter  was  covered. 
Hie  only  colours  which  he  could  discover  in  the 
prism  were  red,  yellow,  and  purple.     The  young 
gentleman's  maternal  grandfather  had  a  similar 
defect,  and  being  in  the  navy,  once  purchased  a 
blue  uniform  coat  and  waistcoat,  with  red  brcecheii, 
to  match  the  blue.     Green  he  always  confounded 
with  red.     A  brother  of  the  grandfather  had  a 
similar  defect,  and  has  mistaken  a  cucumber  for  a 
lobster,  and  a  green  leek  for  a  stick  of  red  sealing- 
wax.  —  Dr.  NichoU's  second  case  is  nearly  siuiilarn 
grass  being  always  regarded  as  red,  and  fruit  uw 
disdnguishable  from  leaves,  except  by  the  shapejE 
and  in  no  other  meniber  of  the  family  had  such  I 
defect  been  known,  except  in  the  daughter  of  * 
brother, 

SOPHIA. 

It  is  very  curious  that  all  those  cases  agree  ioV 
confoimding  green  with  reil. 


r 


This  is  a  very  remarkable  circumstance,  and  it 
nccords  with  the  only  case  of  a  want  of  power  of 
discriminating  colours  which  I  ever  personally 
knew,  that  of  a  clergyman,  who  could  not  distin- 
guish between  the  red  rose,  and  the  green  leaves 
of  the  rose-bush. 

kr  CHARLES. 

^"  These  cases  are  likewise  interesting,  as  confirm- 
ing what  you  mentioned,  relative  to  the  transmis- 
sion of  accidental  peculiarities  of  structure- 


Undoubtedly;  and  the  more  accidental  peculiar- 
ities are  attended  to,  the  more  are  they  likely  to  be 
appertaining  to  particular  families. 


You  mentioned  that  the  expanded  state  of  the 
pupil,  and  its  diminished  sensibility  to  light,  were 
connected  with  a  diminished  power  of  the  retina, 
or  with  various  degrees  of  blindness.  The  iris, 
then,  I  suppose,  must  lie  considered  as  a  sort  of 
guard  to  the  internal  parts  of  the  eye,  to  prevent 
too  much  light  from  passing  into  diem. 

y  DK.  A. 

Certainly ;  and  hence,  according  to  the  degree 
of  light,  the  iris  will  contract,  so  as  to  intercept, 
or  expand,  so  as  to  admit  light.     You  may  see  this 
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in  one  of  your  eyes  very  distinctly;  and  when  ll 
even  hold  my  hand  before  Charles's  eye,  andf 
remove  it  suddenly,  the  contraction  of  the  pupil  in 
instantly  seen. 

In  some  animals,  where  there  is  a  necessity  to^ 
occasional  exposure  to  strong  light,  there  is  whi 
is  called  a  membrana  niclitans,  or  winkuig  men^^ 
brane,  which  the  animal  has  the  power  of  expand- 
ing over  its  eye,  so  as  to  intercept  the  light,  and 
place  the  eye,  as  it  were,  behind  a  curtain.  When 
not  employed,  this  membrane  lies  in  the  comer  g 
the  eye ;  and  it  is  expanded  by  means  of  two  miU 
cles,  when  its  protection  is  necessary. 

HARRtET. 

I  have  observed  this  frequently  in  the  parrot. 


It  is  common  to  all  birds,  and  is  most  perE 
in  birds  of  prey,  with  which  there  is  a  necessi^fl 
for  looking  at,  or  very  near  the  sun.  It  likewise 
exists  in  cats,  and  all  animals  of  that  genus ;  in  the 
opossum;  in  the  seal;  and  in  the  elephant  There 
is  a  rudiment  of  it  in  man,  at  the  inner  canthus  of 
llie  eye;  and  this  is  still  greater  in  the  hora^ 
But  in  some  fish,  as  the  skate  and  ihornback^ 
there  is  a  sort  of  curtain,  at  the  upper  part  of  thi 
pupil,  which  is  capable  of  being  let  down,  at  tl 
pleasure  of  the  animal,  so  as  entirely  to  exclud) 
rays  from  passing  through  it. 


r 


The  pupil  ill  all  animals  does  not  seem  to  be 
roiUKl.  In  the  cat,  for  instance,  it  is  oblong,  and 
is  capable  of  extraordinary  changes  of  shape. 

DR.    A. 

It  is  vertical  in  some  animals,  as  in  those  of  the 
cat  kind;  and  transverse  in  others,  as  the  ruminant 
animals,  horses,  &c. ;  and  this  sort  of  construction 
allows  of  a  more  varied  contraction  and  expansion, 
than  by  means  of  circular  fibres  only ;  and  there- 
fore gives  loan  animal  the  power  of  employing  the 
eyes  in  very  bright,  or  very  obscure  lights,  with 
great  effect.  The  contraction  or  dilatation  of  the 
pupil  is  in  some  degree  under  the  influence  of  the 
will;  and  with  gentlemen  who  are  much  in  the 
habit  of  experimenting  with  the  eyes,  the  faculty  is 
cf^iable  of  considerable  increase,  so  much  so  as  to 
admit  of  dilatation  against  light,  or  contraction  in 
gloom. 

^^  CHARLES. 

V   Do  you  imagine  that  there  is  as  much  difference 

pin  the  visual  faculty  in  animals,  as  there  is  in  their 

smell?    I  should  imagine  that  this  must  be  the 

case,  if  it  be  true,  that  birds  of  prey  can  discover 

the  animal  which  they  intend  to  attack  at  a  great 


I  have  no  doubt  that  your  idea  is  correct,  for 
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Nature  has  very  wisely  adapted  the  strengtli  of  al 
the  TacuUies  to  the  habits  of  tlie  auimal.  The  eye* 
of  the  eagle  are  proverbially  acute ;  and  birds  of 
prey  generally  have  extraordinary  powers  of  visiou 
It  is  stated  in  the  Philosophical  Transactions,  by 
Sir  Everard  Home,  that  an  hour  atler  a.  wild  bog 
was  killed,  in  India,  and  long  before  there  could 
be  the  least  odour  from  putrefaction,  a  dark  spot 
was  seen  in  the  heavens,  which  proved  to  be  a  vul- 
ture making  directly  for  the  carcase  of  the  animal. 
Soon  afterwards,  similar  specks  were  seen ;  and 
venty  other  vultures  speedily  made  their  appearano& 
Dr.  Russel  states  having  obsei-ved  at  Aleppo,  in 
serene  weather,  when  not  n  speck  was  to  be 
in  the  sky,  that  if  any  dead  animal  was  left  behind 
by  hunting  parties,  in  the  space  of  a  few  minutei 
it  was  surrounded  by  birds,  although  none  were' 
visible  previously.  The  eyes  of  sucli  kind  of  birds 
must  likewise  have  a  great  power  of  accommodatioii(, 
since  they  are  ecjually  adapted  to  great  dlstanceSf 
as  to  the  small  ones  which  must  intervene  betweeo 
their  eyes,  and  the  prey  which  they  attack. 

CHARLES. 

Where   there  is  the  great   power   of  accotn- 
modation  which  you  mention,  is  there  any  peculi 
apparatus  for  the  purpose  of  effecting  it,  which, 
man  does  not  possess  ? 


dM 


As  far  OS  the  structures  agree,  there  is  every 
reason  to  suppose  that  the  same  circumstances  ap- 
ply to  the  human  and  other  eyes;  but  in  many  birds 
there  is  a  rim  of  scales  lying  over  the  junction  of 
the  sclerotic  and  cornea,  which  has  been  imagined, 
but  without  sufficient  evidence,  to  be  concerned 
in  e&ecting  accommo<lation,  by  the  elongation 
or  shortening  of  the  axis  of  the  eye,  according 
to  circumstances.  There  is  hkewise,  in  birds,  a 
point  of  minute  structure,  which  some  have  sup- 
posed to  tend  to  the  same  purpose.  It  is  that  of 
a  fine  membrane,  rising  in  the  back  of  the  eye ; 
proceeding,  apparently,  through  a  sht  m  the  retina. 
It  forms  a  sort  of  fine  bag;  and  being  imbued 
with  black  paint,  like  the  choroid  coat,  it  is  termed 
the  marsupium  nigrum,  or  black  purse.  It  passes 
obliquely  into  the  vitreous  humour,  and  terminates 
in  that  part,  reaching  frequently  to  the  capsule  of 
k  tbe  crystalline  lens. 

K  SOPHIA. 

r  As  the  medium  occupied  by  fish  must  be  nearly 
of  the  same  density  as  the  aqueous  humour  of  the 
eye*  one  would  imagine  that  the  tatter  would  be 
DGeless  as  a  retracting  organ. 


You  are  very  right ;  and  therefore  in  fish,  and 
me  quadrupeds  and  birds  which  are  ■much  in 


the  water,  as  seals  and  cormorants,  the  crystallioe 
lens  projects  tlirough  tlie  iris,  so  as  to  leave  ver^, 
little  room  for  aqueous  humour;  for  in  them  it 
would  evidently  be  of  no  use.  But  in  order 
make  up  for  the  want  of  this  as  a  reiracting  medW 
um,  the  crystalline  lens  in  fish  is  more  of  a  sphere 
than  is  usual  in  the  other  classes,  and  thus  has  a 
greater  refractive  power.  On  the  other  haod,  in 
birds,  which  spend  much  of  their  time  in  a  som»* 
what  elevated  region,  where  the  medium  is  rare* 
than  at  the  surface  of  the  eardi,  the  aqueooR, 
humour  is  in  considerable  quantity- 
Fish  have  been  described  by  some  physiolc^istSi 
as  having  a  small  muscular  organ  connected  with 
the  choroid  coat,  the  use  of  which  is  to  assi: 
accommodating  the  eye  to  difierent  distances.  You 
may  thus  see,  however,  that  much  as  is  known 
about  the  eye,  a  great  deal  is  still  to  be  ascertained 
relative  to  its  minute  structure. 

CHARLES. 

You  mentioned  the  great  power  of  dilatation, 
which  the  oblong  shape  of  the  pupil  affords  to  ani- 
mals which  have  occasion  to  use  their  eyes  in 
obscure  lights ;  but  is  mere  dilatation  of  pujnl 
sufficient  to  enable  them  to  see  in  the  dark  ? 

DH.  A. 

This  will  only  go  to  a  certain  extent ;  but  there 
is  a  curious  provision  for  seeing  in  the  dark,  which 
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such  animals  have,  and  that  is,  that  the  inner  mem- 
brane of  the  choroid  coat,  instead  of  being  covered, 
in  its  inner  surface,  wholly  with  the  black  paint 
which  I  have  mentioned  as  belonging  to  it  in  man, 
has  a  greater  or  smaller  proportion  of  it  of  a  pearly 
white,  or  of  a  yellow,  green,  blue,  or  variegated 
colour,  by  means  of  which  there  is  a  reflection^ 
instead  of  an  absorption  of  rays,  from  the  bottom 
of  the  eye.  In  the  cat,  and  animals  of  tlie  cat 
kind,  which  prowl  about  at  night  for  their  prey, 
this  is  eminently  the  cose ;  and  their  eyes  occasion- 
ally glare  in  the  dark,  when  the  pupil  is  much 
enlarged,  by  the  reflection  of  light  from  the  lucid 
covering  which  I  mention,  and  which  is  called  the 
tapetum  lucidum  or  lucid  carpeL  Hordes  have 
kewise  a  coloured,  instead  of  a  black  surface, 
and  they  are  thus  enabled  to  see  their  nay  in  the 
dark,  when  their  riders  are  at  fault :  this  is  also 
the  case  with  cows,  sheep,  dogs,  and  various  other  . 
quadrupeds ;  but  birds  are  without  it,  as  are  ftsh, 
with  the  exception  of  the  skate ;  and  this  is  rather 
remarkable,  for  it  might  be  imagined  that  fish 
would  have  occasion  for  every  means  of  increasing 
light,  in  pursuing  their  prey,  or  in  looking  out  for 
enemy  at  great  distances,  and  at  vast  depths. 


HARRIET- 

But  are  we  to  suppose  the  faculty  of  seeing  dur- 
ru^  the  day,  diminished  by  animals  being  endowed 
TOL.  tl.  D 
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with  sucb  a  peculiarity  of  organ,  as  enables 
to  see  in  a  superior  maimer  during  the  night! 
For  as,  the  total  darkness  of  the  interior  of 
human  eye  is  advantageous  to  it,  as  an  optica 
instrument,  and  is  well  adapted  to  its 
well  in  orduiary  light,  one  would  imagine  that  thi 
same  must  be  the  cose  with  the  eyes  of  oi 
animals. 

DR.  A. 

There  is  certainly  a  difficulty  iii  the  point  whic 
you  mention,  that  has  not  been  altogethercleareduj 
for  though  some  of  the  human  race  who  have  tl 
peculiar  defect  of  sight  which  is  called  night  vision* 
and  see  best  at  night,  see  imperfectly  during  the 
day,  yet  some  of  the  animals  which  1  have  named  to 
you,  particularly  the  cat,  liave  very  keen  vision  as 
well  by  day  as  by  night.  It  is  very  possible,  how- 
ever, that  the  eye  of  man  may  derive  the  accuracy 
and  precision  which  fit  it  for  the  particular  exami- 
nation of  minute  objects,  and  which  areuouecessarj' 
in  other  animals,  from  the  impingement  of  rays  on 
the  retina  being  unaffected  by  reflection  from  the 
neighbouruig  choroid.  —  We  have  been  lately  in- 
formed by  two  eminent  French  physiologists,*  thai 
in  Bsh  which  require  to  see  well  in  the  depths  of 
the  ocean,  and  in  such  birds  as  have  occasion  for 
accurate  vision  at  great  distances,  there  is  an  an>- 
pliAcation  and  extension  of  botli  the  retina   and 
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Hjqitic  nerre  in  the  interior  of  the  eye,  by  means  of 
'     a  sort  of  fold  or  doublings,  which  give  s  greater 
exCent  of  sensible  surface,  and  therefore  augment 
the  power  of  this  organ  of  vision. 

I  must  not  omit  to  notice  to  you,  the  very  remark- 
able eyes  which  are  possessed  by  insects,  and  which 
are  so  unlike  any  which  exist  in  the  higher  orders  of 
animals.  Some  insects  have  simple  eyes,  that  is, 
eyes  which  seem  composed  of  a  single  lens;  in 
others,  these  simple  eyes  are  collected  into  a  body, 
and  these  have  been  termed  conglomerate.  But 
the  most  extraordinary  ai'e  the  compound  eyes, 
which  are  those  possessed  by  most  insects,  and 
which,  witli  the  glass,  present  an  appearance  re- 
sembling shagreen.  This  arises  from  the  eye 
bong  traverse^l  with  numerous  dark  lines,  cutting 
each  other  at  right  angles,  and  forming  little 
squares,  within  each  of  which  is  set  a  six-sul^ 
convex  lens.  The  inside  of  these  lenses  is  covered 
with  a  black  varnish  or  paint ;  and  behind  this, 
are  minute  white  threads,  of  the  shape  of  hexa- 
gonal prisms,  which  fit  into  the  groove  formed  by 
the  sides  of  the  hexagonal  lens,  and  are  separated 
from  the  latter  by  the  black  varnish.  The  threads 
are  inclosed  in  a  black  unvarnished  membrane,  on 
which  the  optic  nen'e  is  expanded,  and  from 
which  they  are  derived ;  so  that  they  may  be  re- 
garded as  the  retina  of  the  eye,  and  the  dark  mem* 
brane,  as  the  choroid  coat.     But  it  is  difhcuU  to 
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perceive  in  what  way  vision  is  produced  by  an  ii 
pingement  on  a  i-etina,  having  black  paint  inter--' 
posed  between  it^and  the  rays  which  are  to  be  the 
subjects  of  observation.  If  you  examine  the  head  of 
a  fly  with  a  pocket  glass,  the  appearance  of  sba^  i 
reen  will  be  very  s{}parent. 

HARBIET. 

It  is  quite  evident,  but  I  cannot  make  out  the.] 
lenses  which  you  describe. 


This  is  owing  to  the  black  paint  which  lies  bei-M 
low  them ;  but  here  is  the  head  of  a  dead  fly,  di- 
vided in  such  a  way,  as  to  separate  the  shagreen 
surface  from  the  parts  below.  On  placing  this  in 
the  field  of  my  little  microscope,  and  throwingj 
some  light  upon  it,  you  will  have  the  brightnea 
of  the  lenses  well  defined. 

HARRIET. 

Beautifully  so ;  but  they  seem  to  be  rather  shin>9 
ing  points  than    to   possess   any   well   descrlbt 
figure. 


This  is  from  the  power  of  the  instrument  notm 
being  quite  sufficient  to  give  you  the  fiill  effect  a 
this  appearance,  and  of  the  shape  of  the  hexagoni 
prisms  of  nervous  matter,  which  I  have  mentioiiedl 


as  being  continued  from  the  lenses,  and  which  ap- 
r  pear  as  slender,  light  coloured  threads. 

B  SOPHIA. 

But  what  a  number  of  these  little  lenses  theie 
must  be.     Tbey  seem  to  be  innumerable. 


They  vary  in  different  insects,  some  have  very 
few,  not  more  than  fifiy;  but  Hooke  computed 
those  in  the  eye  of  a  horse-fly  to  amount  to  nearly 
7000;  Leeuwenhoeck  found  more  than  12,000  in 
that  of  a  dragon-fly ;  and  still  more  have  been  ob- 
served in  the  eyes  of  butterflies.  It  is  to  be  pre- 
sumed, that  the  number  and  minuteness  of  those 
lenses  are  necessary  to  that  microscopic  nicety  of 
vbion,  which  insects  must  have,  in  order  to  provide 
food,  and  avoid  injury.  As  their  eyes,  too,  are 
without  motion,  a  structure  such  as  that  which  I 
have  now  mentioned,  was  wanting  for  the  re- 
ception of  rays  from  all  directions.  —  The  ap- 
pearance of  tl)e  opaque  substance  below  these 
lenses,  produces  t)ie  beautiful  metallic  hues,  for 
which  the  eyes  of  some  insects  are  remarkable. 

The  remarks  which  I  have  made  relative  to  the 
eye,  refer  principally  to  it  as  an  organ  of  vision ;  but 
there  is  much  curious  structure  external  to  the 
eye,  for  the  purpose  of  giving  it  motion,  and  af- 
fording it  protection.  —  For  the  first  purpose,  six 
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muscles  arise  &om  different  parts  of  the  orbits  and 
are  implanted  into  the  sclerotic  coat,  which  produce 
the  varied  movements  of  which  the  eye  is  capable. 
In  order  to  protect  the  eye,  tlie  eyelids  are,  in  the 
first  place,  the  principal  agent.  These  have  a 
ready  motion,  and  a  peculiar  watchfulness  and 
sensibility,  so  that  they,  and  the  edge  of  hair  by 
which  they  are  bordered,  and  which  are  called  the 
cilia,  or  eyelashes,  continually  guard  the  eye  frotn 
tlie  introduction  of  irritating  matters  from  with- 
out. 

HARRIET. 

The  tears  are  produced,  I  suppose,  for  the  par- 
pose  of  washing  out  any  irritating  substances  which 
may  get  into  tlie  eye  ? 


This  is  not  the  only  use  for  which  tliey  are  in-  1 
tended,  for  they  also  serve  to  keep  the  eye  moist.  ' 
They  are  secreted  from  a  gland  known  by  the 
name  of  the  lachrymal  gland,  which  lies  under  the 
orbit,  at  the  upper  and  outside  of  each  eye.  The  < 
secredon  from  this  gland  is  continual,  even  during  j 
sleep ;  and  is  carried  to  the  surface  of  the  eye,  by  [ 
several  small  ducts  or  tubes,  which  open  upon  the  1 
inner  surface  of  each  eyelid. 

HARRIET. 

But  then  if  the  secretion  of  tears  is  continual, 


V  does  it  happen,  that  the  eye  is  noi  perpetually 

■  weeping?  la  the  day-time,  ev.iporation  might  be 

supposed  to  carry  oS  the  superfluous  fluid ;  but 

during  sleep,  when  the  eyelids  are  closed,   this 

E ""■■''!  not  lake  place. 
DB.  A. 
)ur  question  is  &  very  pertinent  one,  and  I 
explain  to  you  how  this  occurs.  The  eje- 
ire  edged  by  cartilage  or  gristle,  which  keeps 
regularly  expanded,  and  allows  them  to  shut 
closely  upon  each  other ;  but  this  accurate  approxi- 
mation is  only  on  the  fore-part ;  for  behind, 
there  is  a  small  conduit,  which  conducts  tlie  teiirs 
to  two  small  orifices,  called  puncta  lachrymalia,  or 
lachrymal  points,  one  situated  at  the  extreme  inner 
edge  of  the  up{>er,  and  the  other  at  that  of  the 
lower  eyelid.  You  may  see,  by  careful  exami- 
nation, a  small  point  on  each  eyelid,  which  are  tlie 
points  mentioned  by  me. 

CHAHLEB. 

You  mean  at  the  very  projecdng  part,  where 
the  rudiment  of  the  nictitating  membrane  com- 
mences. 

DR.    A. 

Exactly  so.  These  orifices  have  cartilaginou!. 
margins,  so  as  always  to  keep  open.  They  are 
thus  ready  for  absorbing  the  tears,  and  are  so 


B6  ORGANS    OF   SENSE. 

small,  as  to  act  by  capillary  attraction,  titat  is,  i 
you  may  recollect,  by  the  particular  property  of'l 
■  very  small  tubes,  of  sucking  up  a  fluid  without  " 
any  particular  external  agency. 

SOPHIA. 

But  then  where  are  the  tears  carried  to  ? 

DR.   A. 

These  oriflces  lead,  by  two  small  ducts,  into  m  I 
little  sack  or  cavity,  of  a  longitudinal  sbi^ie,  which 
terminates  in  a  duct,  opening  into  the  cavity  of 
the  nostrils,  where  the  fluid  is  diffused  over  aD 
extensive  surface,  and  evaporated  by  means  of 
the  air  passing  continually  over  it.  When  these.  J 
ducts,  leading  &om  the  eye  to  the  nose,  are  obJ'l 
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structed,  the  eye  becomes  weeping,  and  that  par- 
ticular complaint  is  produced,  which  is  known  by 
the  name  of  fistula  lachrymalis,  or  lachrymal  6stula. 
You  will  be  able  to  understand  this  from  a  little 
sketch,  which  I  now  sliow  you,  in  which  a  is  the 
lachrymal  gland ;  dd,  the  lachrymal  points;  ee,  the 
lachrymal  ducts ;  f,  the  sac ;  and  g,  the  duct  lead- 
ing into  the  nose. 

ciiahles. 
How  very  beautiful  is  all  this  contrivance;  and 
iodeed  a  little  consideration  might  convince  us  of 
the  communication  between  the  eye  and  the  nose, 
when  we  find  that  a  considerable  portion  of  fluid 
is  thrown  into  the  cavity  of  the  nostril  in  weeping ; 
and  that  this  secretion  is  increased  by  any  irritating 
substance  getting  into  tlie  eye.  Dut  how  is  the 
eye,  which  Is  so  sensible  to  ordinary  irritation,  and 
the  passages  which  you  have  mentioned,  guarded 
against  the  continual  agency  of  the  saline  flui<l, 
^e  tears? 

This  seems  to  he,  by  the  secretion  from  the  va- 
rioos  surfaces  to  which  they  are  applied ;  and  in 
die  case  of  the  eye-lashes,  by  a  sebaceous  or  fatty 
matter,  secreted  by  small  glands,  situated  under 
the  inner  membrane  of  the  eyelids,  and  having 
tubes,  through  which  their  secretion  is  carried  to 
their  cilia  or  edges,  which  are,  by  this  means,  kept 
fit  for  accurate  i^proximation.  These  glands 
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are  ihe  seat  of  sties  in  the  eye ;  and  wh«n  their 
secretion  is  mnch  increased,  as  in  inflaminatiOD 
of  the  eyelids,  tbi!  eyes  are  ofl«n  nearly  glued 
up  by  tbeir  increased  secretion. 

HAHniET. 

One  would  imagine  that  animals  which  live  in 
water,  and  have,  therefore,  the  eyes  kept  always 
moist,  would  not  require  tears,  as  those  who  live 
in  air  do. 


And  therefore  they  are  without  any  part  of  the 
apparatus  for  secreting  them ;  for  nature,  while  it 
does  not  withhold  proper  accommodation,  gives 
no  organ  which  is  unnecessary  or  useless. 

SOPHIA. 

The  motions  of  the  head  seem  to  be  well  caku* 
lateil  lo  assist  the  eyes,  and  to  enlarge  tlie  sphere 
of  vision ;  but  I  suppose  the  eyes  have  tbeir  posi- 
tion directed  by  nature,  according  to  the  wants 
and  character  of  the  animal. 


Certainly :  in  man,  and  some  other  animals, 
the  eyes  are  placed  chieSy  to  look  forward,  but  at 
the  same  time  so  as  to  take  in  nearly  a  wliolc  hemi- 
sphere. In  birds,  their  lateral  position  enables  them 
to  embrace  almost  a  sphere,  in  order  the  better  to 
assist  them  in  discovering  food,  and  announcing 


ah 
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^H  danger.  In  bares  and  rabbits,  the  eyes  aie  not 
^K  only  very  prominent,  but  nre  placed  bo  as  to  look 
behind  as  well  as  before,  and  thus  to  see  an  ap- 
proaching enemy ;  while  dogs,  whose  habits  are 
rather  to  pnrsue  than  to  avoid,  have  their 
eyes  set  more  forward  in  their  head.  —  1  have 
already  mentioned  the  immensity  in  number  of 
the  eyes  of  many  insects.  Spiders  have  no  mo- 
lion  in  their  heads,  and  have  four,  six,  or  eight 
eyes,  to  increase  their  sphere  of  vision,  which 
are  placed  in  every  variety  of  form  in  different 
species.  The  snail  has  four,  but  they  are  in- 
serted at  the  extremity  of  their  horns,  the  modon 
of  which  enables  them  to  be  turned  in  ail  direc- 
tions. The  lobster  likewise  has  no  motion  in  its 
eyes,  but  they  are  situated  at  the  end  of  two  move- 
able peduncle^  so  as  to  be  turned  in  various  di- 
rections. 

There  is  sq  interesting  circumstance  relative  to 
our  appreciation  of  the  direction  of  eyes,  which 
I  must  not  omit  to  mention  to  you  before  1  take 
leave  of  vision.  We  ai^e  sensible,  of  course,  when 
the  eyes  of  any  person  are  fixed  upon  us ;  and  we 
have  a  perception  of  the  exchange  of  even  a  mo- 
mentary glance. 

SOPHIA. 

Assuredly. 

DR.    A. 

But  in  what  way  do  we  form  this  opinion  ? 
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SOPHIA. 

By  observing  that  the  eyes  are  directed  to  or 
from  us? 

DR.   A. 

This  is  DO  doubt  the  case;  but  then  is  it  by 
means  of  the  eye  itself,  or  by  the  relation  whicli 
the  eye  bears  to  the  other  features,  that  we  come 
to  thb  conclusion  ? 

SOPHIA. 

I  should  think  the  eye  itself  must  give  us  the 
necess&ry  information;  for  it  is  to  this  that  tb« 
attention  is  particularly  directed :  though  I  must, 
own  I  have  never  made  this  a  subject  of  particuUi 
remark. 

CHAllLES. 

One  is  certainly  very  apt  to  coucejve,  that  the 
eye  may  be  contemplated  sepaiately  from  the  other' 
features ;  but  yet  it  would  be  difficult,  if  not  im- 
possible to  do  so ;  and  you  therefore  stagger  my 
con6dence  in  my  first  apprehension  as  to  the  facts 
of  the  case. 

DR.    A. 

It  has  been  proved  by  Dr.  Wollaston,  who 
one   of  the   most   distinguished  philosophers   of 
the  present  day,  that  if  a  pair  of  eyes  be  drawn 
with  correctness,  looking  at  the  spectator,  unless 
some  touch  be  added  to  suggest  the  turn  of  the 
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,  the  direction  of  the  eyes  seems  vague,  and  so 

Mnndeterniined,  that  their  direction  will  not  appear 

the  same  to  all  persons.      If  to  such  eyes  particular 

features  be  appended,  they  may  be  made  to  appear 

directed  either  to  liim,  or  from  him,  in  a  manner 

perfectly  unexpected.     Dr.  Wollaston,  therefore, 

infers,  that  as  in  tlie  portraits  of  eyes,  we  judge  of 

ihe  direction  by  the  concurrent  position  of  the 

t  face,  we  do  the  same  with  regard  to  tlie 

1  of  living  persons.     He  exempIiSes  his  doc- 

ine  in  a  manner  equally  ingenious  and  satis&c- 

,  by  some  sketches,  annexed  to  his  paper  in 

s  Philosophical  Transactions  for  1824,  p.  260. 

^o  n  pair  of  eyes,  with  the  eyebrows  drawn  from 

B  life,  by  Sir  Thomas  Lawrence,  intently  look- 

j  at  him,  a  turn  of  face  was  added,  so  that  the 

i,  with  tills  accompaniment,  appear  decidedly 

nking  at  the  spectator,   though  indistinctly  so 

Irtthout  it.     By  means  of  a  flap,  a  set  of  features 

oppositely  turned,  are  so  applied  to  the  same  eyes, 

that  they  look  considerably  to  the  right  of  the 

person  viewing  diem. 

HAltRIET. 

How  exceedingly  curious  this  must  be ;  it  would 
be  hardly  possible  to  believe  them  to  be  the  same 
eyes. 

DR.  A. 

No  one  would,  unless  with  complete  evidence 


o!  their  ideDti^ ;  and  in  four  otber  sketches  of  th«> 
e  eyes,  two  of  them  have  their  apparent  direc- 
tion altered  by  the  mere  position  of  the  nose ;  and 
in  Uie  others  a  corresponding  difference  is  efllected 
solely  by  means  of  the  upper  half  of  the  face. 
The  same  would  happen  if  the  eyes,  instead  of 
being  drawn  originally  looking  directly  ai  us,  were 
made  to  look  a  little  to  one  side  of  us ;  in  whick 
case  they  might  be  made  to  look  at  us,  by  apply^ 
ing  other  features  in  a  suitable  position. 

CHARLES. 

But  I  presume  this  very  striking  effect  is  limited 
to  small  differences. 

DR.  A. 

Certainly,  lo  changes  of  perhaps  20  or  30  de- 
grees ;  for,  as  Dr.  Wollaston  remarks,  it  would  be 
absurd  to  Imagine,  that  an  eye  drawn  in  profile* 
could  be  made  to  look  full  on  us ;  or  that  im  eyo 
looking  nearly  at  us,  could  be  made  to  appear  as 
profile.  —  But  Dr.  WoUaston  likewise  observes, 
that  a  total  difference  of  character  may  be  given 
to  the  same  eyes,  by  a  proper  representation  of 
otlier  features ;  and  diat  a  lost  look  of  devout  ab- 
straction, in  an  uplifleil  and  interesting  female 
countenance,  may  be  exchanged  for  an  appearance 
of  inquisitive  archness,  merely  by  giving  to  the 
face  a  direction  downwards,  and  to  the  opposite 
side.     I  must  refer  you  to  the  original  paper,  for 
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HEARING. 
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The  next  of  the  organs  of  sense  whicli  I  latend 
considering,    is  hearing,   whlcli  is   the  sensation 
communicated  to  the  nerves  of  the  ear,  principally  ] 
by  means  of  vibrations  of  the  air  Iransmitletl  irom  i 
the  sonorous  body.      Tliese  vibrations,  or  uiidu-  j 
lations,  are  collected  by  the  external  ear,  in  a  sort  j 
of  trumpet-like  tube,  at  tlie  extremity  of  which  it 
a  cavity  called  the  drum  of  tlie  ear,  or  the  tympa- 
num, which  is  filled  with  air,  and  is  covered  by  a 
membrane  called  the  membrane  of  the  tympanum. 
The  undulations  act  on  this  membrane,nnd  through   ' 
its  means  on  a  curious  bony  structure  situated  In 
its  cavity  ;  while  the  impressions  are,  by  the  last 
bone  of  the  series,  propagated  to  what  is  termed 
the  internal  ear,  which  consists  of  several  small 
cavities,  filled  with  water,  and  having  the  delicate 
ternjinations  of  the  auditory  nerves  diffused  over  1 
them. 


r 
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CHARLES.  , 

There  seems,  therefore,  to  be  the  same  plaii 
followed  by  nature  in  the  arrangement  of  the 
auditory,  as  of  the  visual  liiactioDs ;  the  more 
external  parts  being  destined  to  receive  and  com- 
municate impulses  from  without,  to  the  more  in- 
terna! part£,  which  are  tiie  immediate  organs  of 
sense. 

DR.  A. 

The  funnel-like  tube,  and  the  irregular  suriiices 
of  the  outer  ear,  collect  and  concentrate  the  undu- 
lations of  the  air,  so  that  they  may  act  with  greater 
force  on  the  membrane  of  the  tympanum.  The 
external  ear,  in  most  animals,  has  also  a  con- 
siderable agency  in  this  operation ;  for  its  concave 
surface  is  placed,  at  the  will  of  the  animal,  in  the 
direction  from  which  sound  proceeds,  in  order  to 
intercept  a  greater  portion  of  the  waves  or  undu- 
lations. Among  tlie  more  civilized  nations  the  ears 
are  so  much  tied  down,  as  entirely  to  lose  the 
power  of  motion. 

SOFHIA. 

[  do  you  suppose  that  we  should  have  the 
iwer  of  moving  our  ears  like  dogs   or  horses, 
r except  for  tliis  early  habit  of  binding  them  down? 


Certainly  not  to  the  s 


;  extent,  because  the 
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nurs  are  neither  of  a  similar  size  nor  shape ;  bid 
^ome  eastern  nations  have  a  considerable  powt 
of  motion  iti  theirs ;  and  in  some  ancient  statue 
tbey  project  considerably,  which  adds  to  the  e 
pression  of  the  head.  Many  people  have  the 
power  of  producing  an  obscure  motion  in  the 
ears ;  and  in  all,  a  muscidar  structure  is  plainly 
discoverable  by  dissection ;  there  being  a  muscl 
for  raising  the  ear,  another  for  carrying  it  forward 
and  two  for  carrying  it  back. 

HABniET. 

Bitter  was  is,  I  suppose,  intended  to  preve 
insects  from  making  their  way  into  the  tube  t 
the  ear  ? 


It  is  designed  for  this  purpose ;  as  are  Ukewiaq 
some  small  hairs  which  stand  across  the  pas 
The  wax  will  sometimes  increase  to  such  an  ex- 
tent, as  to  occasion  deafness,  by  plugging  up  the 
passage,  and  thus  prevendng  the  propagation  of  the 
vibrations  of  the  air  to  the  membrane  of  the  tym- 
panum. The  obstacles  to  the  entrance  of  insects 
are  wisely  intended ;  for  the  internal  passage  is  so 
very  sensible,  as  to  be  capable  of  much  pain  atidfl 
injury  in  case  of  irritation. 

HAIiniET. 

The  undulations  which  you  mention  as  occurring 


in  air,  are  somewhnt  similar,  I  suppose,  to  t 
take  place  iii  water,  uhen  put  in  motion. 


Certainly ;  and  though  they  are  not  visible,  as 
in  water,  diey  may  sometimes  be  felt  in  tremors  on 
paper  held  in  tbe  hand,  by  the  Dgitation  of  the 
air  derived  from  a  loud  sound,  which  would  not 
otherwise  have  affected  the  organ  of  touch. 

CHARLES. 

The  passage  of  sound  is,  of  course,  very  much 
a&cted  by  wind  acting  in  an  opposite  direction. 


fe" 


DR.  A. 

[ot  n  much  aa  you  would  imagine ;  for  the  ve< 
of  air  in  the  strongest  wind  is  not  equal  to 
more  than   the  twentieth  part  of  the  velocity  of 
sound,  and  cannot,  tliereforc,  under  any  circum- 
affect  it  more  than  in  that  proportion. 


W^HiceSjO 

^*^Btis 


CHARLES. 

Bst  is  the  celerity  of  sound  the  same  under  all 
circumstances  of  strength  and  weather  ? 

DR.  A. 

It  has  been  found  that  sound  travels  about  1 1 12 
feet  in  a  second,  or  about  a  mile  in  4i  secondsj  or 
13  miles  in  a  minute.  Its  velocity  is  tbe  same 
whether  it  is  strong  or  feeble ;  the  sound  of  the 
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fauniBii  voice,  or  the  report  of  a  cannon  :  bi 
summer,  when  the  air  is  not  so  dense  as  in  winter, 
sound  travels  rather  more  rapidly ;  so  it  does  iu 
elevated  situations ;  while  in  cold  foggy  weathtt 
its  progress  is  relarded.  The  diiference  in  no 
case  is,  however,  more  than  a  few  feet ;  and  in  a 
denser  atmosphere)  though  the  progress  of  sound 
is  retarded,  the  same  sounds  are  stronger  than  in 
thinner  air.  This,  together  with  the  quiet  of 
night,  appears  to  be  the  reason  why  sounds  are 
heard  better  at  this  season.  I  may  remark,  how- 
ever, that  some  late  experiments  in  Holland,  in 
the  East  Indies,  and  at  Woolwich,  make  the  velo 
city  of  sound  rather  less  than  what  it  is  usually 
considered  to  be. 

SOPHIA. 

The  knowledge  of  the  velocity  of  sound  will, 
many  instances,  I  suppose,  inform  us  of  the  dis-i 
tonce  of  a  body  producing  it. 


Certainly;  and  that  very  readily:  for  if  you  see 
a  flash  of  lightning,  or  of  n  cannon,  or  disco 
ver  the  elevation  of  an  arm  making  a  stroke,  you 
can,  in  any  such  instances,  by  ascertaining  the 
number  of  seconds  which  intervene  between  seeing^ 
the  flash  and  hearing  the  sound,  by  means  of  « 
stop-watch,  make  out  the  distance  of  the  thunder-, 
cloud,  of  the  cannon,  or  of  the  man.     A  very  readjr 


mode  of  accomplishing  the  same  thing,  is  by  an 
observation  of  the  pulse,  which  ordinarily  beats 
about  75  times  in  a  minute.  With  a  small  allow- 
ance, the  number  of  beats  intervening  between  the 
light  and  the  report,  will  indicate  the  distance  with 
sufficient  accuracy  for  ordinary  puqioses,  particu- 
larly if  by  means  of  a  stop-watch  the  rate  of  the 
pulse  be  ascertained.  Making  each  pulsation  as 
equal  to  1000  feet  of  distance,  you  would  be  suffi- 
ciently near  the  truth. 

HARUIET. 

But  b  (ur  absolutely  necessary  to  the  propa- 
_  ition  of  sound,  or  are  there  other  substances 
which  will  answer  the  same  purpose? 


i 


It  is  necessary  that  sound  should  have  some 
material  by  which  to  be  propagated ;  for  experi- 
ments show,  tliat  in  the  exhausted  receiver  of  an 
air-pump,  sound  is  very  much  deadened,  and  be- 
comes louder  on  re-admitting  the  air,  diough  it  is, 
of  course,  still  a  good  deal  diminished  by  the  In- 
terposition of  the  glass.  Water,  however,  com- 
municates sound  very  well,  and  so  does  any  solid 
body,  though  the  read'uiess  with  which  the  com- 
munication takes  place,  is  much  connected  witli 
the  nature  of  the  material.  Sounds  which  are 
made  in  water,  and  heard  in  air,  are  pretty  much 
the  same  as  if  they  were  made  in  olr,  and  heard 
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in  water.  In  both  cases  the  tone  is  about  a  fourth 
deepened:  but  the  velocity  with  which  sound  passes 
through  water  has  not  been  asceilaineil,  though 
the  sound  of  a  large  hand-bell,  under  water,  wai 
heard  very  distinctly  and  strongly,  by  the  late 
Professor  Robinson,  of  Edinburgh,  when  his  head 
was  plunged  in  water  at  the  distance  of  1200 
feet. 

CHARLES. 

But  it  would  be  difficult  to  make  an  experiment 
of  this  kind,  so  as  to  be  unequivocal  in  its  results, 
because  the  sound  from  the  bell  would  travel  to 
the  ear  both  by  the  water  and  the  air. 

DR.    A. 

Much  care  and  attention  must  be  necessary  in 
inakuig  any  experiments  of  this  kind,  and  I  won- 
der tliat  the  subject  has  not  been  prosecuted.  —  A 
piace  of  timber  will  communicate  a  sound  from  otte 
end  to  the  other  instantaneously,  or  very  nearly 
so ;  for  experiments  have  been  made  by  the  union 
of  deal  rods,  to  a  great  length,  and  the  veloci^ 
has  been  calculated  to  be  more  than  three  miles  in 
a  second.  The  approach  of  cavalry  may  be  heard 
at  a  greater  distance,  when  the  head  is  in  contact 
with  the  ground,  than  by  attending  to  (he  sound 
comr.iuiticated  through  the  air ;  and  wa^^ns  will 
oflen  communicate  a  slight  impulse  to  tlie  furniture 
of  a  house,  before  we  hear  the  noise  which  imm^ 


(liately  occasions  it.  Dr.  Young  tells  us,  that  the 
blow  of  a  hammer  on  a  wall,  at  the  upper  part  of 
a  high  house,  is  heard  as  if  double,  by  a  person 
standing  near  it  on  the  ground,  the  ^rst  sound 
descending  through  the  wall,  the  second  through 
the  air. 

CHARLES. 

f  should  think  it  not  unlikely  that  the  same 
might  be  the  case  in  the  experiment  with  the  beii 
undtr  water. 


*  Not  improbably ;  and  if  your  law  studies  ad- 
mitted of  your  being  an  experimentalist,  tliis  would 
be  a  good  subject  for  a  debut.  —  There  are  some 
substances  which  communicate  sound  better  than 
othei's;  for  instance,  a  voice  can  be  heard  at  a 
greater  distance  over  water  than  hind ;  and  in  a 
still  day  a  whisper  has  occasionally  been  heard 
across  the  Thames.  You  may  readily  ascertain, 
on  any  long  brick  wall,  in  a  quiet  evening,  that  a 
very  low  voice  or  a  loud  whisper  may  be  heard  at 
the  distance  of  between  300  and  400  feet,  I  have 
heard  it  at  the  extremities  of  a  wall,  not  far  from 
us,  of  above  tOO  feet  long, 

I  mentioned  to  you,  that  the  sound  is  impelled 

upon  the  membrane  of  tlie  drum,  which  is  very 

(bin  and  sensible,  and,  through  its  medium,  on  a 

poy  structure,   contained   in  the  cavity  of  the 
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drum.  TKis  bony  structure  is  exceedingly  curious, 
not  OQ]y  in  itself,  but  in  the  names  of  its  different 
parts ;  for  they  are  termed  the  malleus  or  ham- 
mer ;  the  incus,  or  anvil ;  the  orbicular  bone ;  and 
the  stapes,  or  stirrup. 

CHARLES. 

But  is  there  any  real  resemblance  in  these  bones 
to  the  things  from  which  they  are  named  ? 

DR.    A. 

A  good  deal,  as  you  will  perceive  &om  the  an- 
nexed sketches,  which  represent  these  bones  con- 
siderably enlarged. 


Malleus,  or  Hammer. 


^' 


«»  Orbiculare,  or  Orbicular  I 


a 


Stapes,  or  Stirrup. 
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The  connection  which  these  bones  have  with 
each  other,  you  will  be  able  to  apprehend  irom 
another  little  sketch,  in  which  a  is  the  bony  mar- 
gin of  the  opening  into  the  ear;  b  is  the  mem- 
brane of  the  tympanum;  c  the  malleus  fixed  to 
it,  and  attached  to  the  incus  D ;  E  the  orbiculai- 
bone ;  and  F  the  stapes. 

^B  The  untlulations  of  the  air  act,  as  I  have  already 
mentioned,  on  the  membrane  of  the  tympanum; 
this  propagates  an  impulse  to  the  malleus;  the 
malleus  to  the  incus;  and  the  incus  to  the  orbicu- 
lar bone  and  the  stapes.  I'iiese  bones  are  all  in 
the  drum  of  the  ear ;  but  the  last-nanied,  the 
stapes,  is  fixed  to  a  membrane,  covering  a  hole, 
called  the  oval  hole;  and  this  membrane,  like  that 
of  the  tympanum,  conveys  to  the  parts  within,  the 
vibrations  which  the  latter  carries  to  tlie  bony 
nicture. 

CHARLES. 

Then  are  these  bones  put  in  motion  by  the  vi- 
brations of  the  membrane  of  the  drum  ? 
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It  is  supposed  tliat  they  are;  and  this  is  exci 
ingly  likely,  as  they  are  provided  witb  muscles, 
which  answer  Tor  the  motions  which  would  be 
produced  in  this  line  of  propagation.  —  Connected 
with  the  drum  of  the  ear  are  some  little  cavities 
in  the  substance  of  the  bone,  contiguous  to  the 
ear,  and  whicli  nre  called  the  mastoid  cells, 
are  supposed  to  have  some  influence  i 
sounds. 

CHARLES. 

You  mentioned  that  the  cavity  of  the  drt 
full  of  air;  by  what  means  does  it  obtain  entrance 
For,  if  I  understand  the  structure  of  ibe  drum  ri 
it  is  totally  impervious. 

Olt.  A. 

The  membrane  of  the  drum  is  impervious; 
in  its  cavity  is  an  opening,  which  is  the  termm 
of  the  Eustachian  tube,  a  tube  so  called  from  I 
tachius,  its  discoverer,  which  opens  in  the  ] 
rior  part  of  the  mouth.  It  is  through  this  opt 
that  the  air  is  supplied,  and  fills  the  drum  of  t 
ear  and  the  cells  communicating  with  it. 

SOPHIA. 

Then  I  dare  say  it  is,  in  some  degree,  by  l! 
opening  that  hearing  is  assisted ;  for  people  i 
apt,  in  listening,  to  open  Uieir  mouths,  as  « 
direct  I  heir  ears. 


r 


DK.  - 


There  is  no  doubt  oF  this  being  the  case;  and 
hence  we  find,  in  sore  throat,  that  severe  pain  is 
occasionally  propa^ted  to  the  ear,  IVom  this  lube 
becoming  inflamed.  If  It  is  obstructed,  too,  deaf- 
ness is  produced,  because  there  is  a  difBcully  in 
the  impressions  being  carried  on  from  the  tympa- 
num, in  consequence  of  there  being  no  yieldinj; 
behind  it,  as  is  tiie  case  when  the  air  has  free  in- 
gress and  egress.  Hence,  in  such  circumstances, 
a  small  opening  in  the  drum  of  the  ear  has  been 
Ibund  useful  in  restoring  the  projier  action  of  the 
parts.  Many  doubts  were  entertained  as  to  the 
propriety  of  making  such  an  opening;  but  at  last 
its  safety  was  demonstmted  by  Sir  Astley  Cooper, 
more  than  twenty  years  ago,  and  the  Copleinn 
medal  of  the  Royal  Society  adjudged  to  him 
(or  the  enterprise.  —  The  stirrup,  I  mentioned 
to  you,  is  connected  with  a  membrane  covering 
the  oval  hole.  This  membrane  separates  the 
drum  of  the  ear  fiom  another  small  cavity, 
called  the  vestibule;  and  with  this  vestibule,  other 
cavities,  called  the  semicircular  canals,  and  the 
cochlea,  proceed,  both  which,  together  with  the 
vestibule,  are,  from  their  involved  and  irregular 
shape,  known  by  the  general  name  of  labyrinth. 
These  parts  form  the  proper  organ  of  hearing; 
ior  over  the  lining  ofthe  whole  of  the  cavities  which 
form,  the  auditory  nerve  is  diffused;  and  in 
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order  that  the  impulse  propagiited  from  the  drum 
and  bones  of  tlie  ear  to  the  actual  organ  of  sense 
may  be  as  forcible  as  possible,  the  whole  of  these 
(bvities  are  lined  with  a  watery  fluid,  which  is,  as  it 
accurately  fills  them,  admirably  adapted  for  giving 
effect  to  impressions  from  the  bones  of  the  ear. 
The  various  ramifications  of  the  cavities  increase^ 
in  a  small  space,  the  nervous  expansion  devoted 
to  bearing;  though  the  particular  reason  for  the 
peculiar  shapes  of  these  cavities  is  not  known. 
There  is  one  point,  however,  worthy  of  notice 
with  regard  to  the  labyrinth ;  and  it  is  this,  that 
Nature  has  been  so  careful  of  losing  nothing  in  the 
way  of  impulse,  that  she  has  made  a  second  open- 
ing into  the  internal  ear,  troni  the  tynipannm, 
which  is  called  the  foramen  rotundum,  or  round 
hole,  and  is  covered  with  a  membrane.  This,  it 
is  obvious,  will  admit  of  a  slight  degree  of  move- 
ment propagated  from  the  impulses  on  the  mem* 
brane  of  the  oval  hole,  through  the  medium 
the  fluid  contained  in  all  the  cavities  above 
tioned,  and  thus  the  nervous  expansion  will 
more  surely  acted  upon.  It  is  a  matter  of  dit 
Acuity  to  comprehend  tliis  complex  structure 
without  an  attentive  and  accurate  examination 
of  the  parts  themselves ;  but  It  will  be  rendered 
little  more  intelligible  by  a  sketch. 


[uem- 

im  ^M 

illb^ 


Id  this  you  will  recognise  the  malleus,  incus 
orbicular  bone,  and  stapes.  This  last  is  attached, 
to  the  membrane  of  the  oval  hole,  which  opens 
into  the  vestibule,  the  central  compartment  of  the 
sketch.  The  semicircular  canals  are  towards  the 
right;  and  the  cochlea,  so  called  from  its  resem- 
blance to  a  snail's  shell,  towards  the  let).  A  small 
canal  leads  from  the  cochlea  up  to  the  tympanum, 
from  .which  it  is  separated  by  a  membrane  cover- 
ing the  round  hole.  These  various  ramiiications 
of  the  labyrinth  form,  therefore,  the  proper  seat  of 
the  organ  of  hearing,  to  which  the  other  parts  are 
only  subsidiary. 

CHARLES. 

I  have  heard  of  some  persons  who  are  able  tu 

puff  out  tobacco-smoke   from  their  ears.     I  can 

I  iW&ily  understand  that  tiiis  must  reach  the  ear  by 

s  of  the  Eustachian  tube;  but  in  what  wav 

E  3 
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can  it  escape  from  the  ear,  since  there  is  no  oprai- 
ing  naturally  in  the  membrane  of  the  tympanom 


Whenever  this  happens,  it  must  be  through 
artificial  opening  in  the  tympanum,  which  n< 
and  then  occurs  in  complaints  of  the  ear.  It  e 
never  take  place  in  tlie  Iiealthy  state  of  the  ot;gaib:, 

CHARLES. 

You  have  informed  us  that  in  one  partii 
cause  of  deafness,  that  of  obstruction  in  the  Eust 
chian  tube,  an  artificial  opening  made  in  tl 
membrane  of  [he  tympanum  will  restore  hearing 
but  I  cannot  understand  how  the  destruction  i 
this  organ  by  disease  is  compatible  with  the  coi 
tinuance  of  the  power  of  hearing.  I  should  thir 
the  internal  parts  would  be  so  destroyed,  before 
could  happen,  as  to  take  away  hearing  altogether^ 


Not  to  tlie  extent  which  might  at  first  be  im^ 
gined ;  for  as  long  as  the  more  internal  parts  d 
the  ear  are  unaffected,  some  degree  of  hearii^ 
will  stilt  remain,  even  if  some  of  tlie  banes  an 
destroyed,  or  come  away  by  ulceration.  Thi 
indicates  that  the  proper  organ  of  hearing  is  t 
labyrinth;  and,  indeed,  in  some  animals  there  is  oA 
introductory  tympanum,  and  no  bones  of  the  e 
but  the  undulations  of  the  air  are  received  at  odM 


79 


^T  HEARmo. 

^■tai  a  membrane  which  communicates  them  to  the 
4uid,  and  thus  to  tlie  nervous  expansion  of  the  in- 
ternal ear.  If  however  in  man,  or  those  animals 
which  have  ft  tympanum,  the  last  hone  of  the  series, 
the  stapes  or  stirrup,  is  destroyed,  the  membrane 
filling  up  the  ova)  hole  will  be  lost  also;  and  as  the 
duid  contained  in  the  inner  ear  will  in  consequence 
escajK,  deafness  will  ensue,  from  the  medium 
being  lost  by  which  the  immediate  org»m  of  hear- 
ing becomes  affected.  It  is  to  be  observed, 
however,  that  the  bones  of  the  head  are  able  to 
communicate  impressions  to  the  organ  of  hearing 
without  the  medium  of  the  air,  or  the  aid  of  the 
external  ear.  Thusnwatch  touching  the  forehead 
is  heard  with  great  distinctness,  if  the  ears  be  en- 
tirely stopt ;  and  so  is  the  sound  o^  water  boiling, 
by  means  of  apoker  touching  the  vessel,  and  taken 
between  the  teeth ;  or  that  of  a  tuning  fork,  or 
any  other  sounding  body  tjiken  between  the  teeth. 

^^L  HARRIET. 

^^  The  auditory  faculty  must,  I  suppose,  diJ!er  a 
good  deal  in  its  acuteness  in  different  individuals, 
for  some  persons  have  very  nice  ears  for  music, 
i  others  can  hardly  distingubh  one  note  from 


e  is  a  great  deal  of  difference  between  that 
wer  of  perception   which   constitutes  hearing, 

£  4 
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and  tliat  which  is  connected  with  the  appreciation 
of  musical  sounds.  The  former  is  a  faculty  whidi 
is  possessed  by  mankind  very  much  in  coounon 
the  latter  varies  exceedingly  among  different  pe<^ 
pie ;  but  it  appears  from  some  new  observatioog 
of  Dr,  Wollaston,  that  some  persons  are  insensible 
to  various  sharp  sounds,  as  the  chirp  of  tlie  hous^ 
sparrow  and  house-cricket,  the  squeak  of  the  ba^ 
and  the  noise  of  small  insects,  without  haviog 
other  defect  in  the  organ. 

HARRIET. 

There  must  be  very  little  known,  then,  I  pr^ 
sume,  about  the  circumstances  which  occasion  t 
nice  ear  in  music. 

DR.  A. 

In  that  we  are  very  much  in  the  dark ; 
though  Sir  Everard  Home  has  shown  a  muscit^ 
lar  structure  in  the  membrane  of  the  tympanuai 
both  in  man  and  other  animals,  particularly  tfati 
elephant,  and  considers  this  structure,  by  met 
of  the  different  degrees  of  tension  which  it  is  cs] 
ble  of  producing  in  the  membrane,  mainly  cond» 
cive  to  the  formation  of  a  musical  ear,  yet  as  it  li 
been  ascertained,  that  a  musical  ear  can  be  i 
tained  after  the  destruction  of  tlie  membrane  o 
the  tympanum,  this  opinion  is  not  tenable.  * 
Astley  Cooper  observed  in  a  case,  in  which  t 


¥ 


HEARING.  8] 

membrane  of  tlie  tympanum,  in  both  ears,  had  been 
destroyed,  that  the  hearing  was  but  little  afiected : 
and  that  the  person  had  an  acute  perception  of 
musical  sound,  and  sang  with  taste,  and  perfectly 
,  ia  tune. 

HARRIET. 

Do  animals  differ  much  in  their  powers  of  hear- 
ingi  as  it  appears  that  they  do  in  their  faculties  of 


We  do  not  know  much  of  the  comparative 
acuteness  in  the  auditory  faculty  in  animals ;  but 
the  elephant  is  said  to  be. endowed  with  a  remark- 
able sense  of  hearing,  and  its  auditory  organs  are 
larger  than  in  other  animals,  or  man.  Mr.  Coise, 
who  saw  much  of  the  habits  of  the  elephant  in  India, 
and  communicated  some  valuable  information  on 
the  subject,  to  the  Royal  Society,  gives  some  ex- 
amples of  tlieir  acuteness  of  hearing.  He  slates 
that  a  tame  elephant,  which  was  never  reconciled 
to  have  a  horse  moving  behind  him,  although  he 
expressed  no  uneasiness  if  the  horse  was  within 
his  view,  either  before  or  one  side,  could  distin- 
guish ihe  sound  of  a  horse's  foot,  at  a  distance, 
some  time  before  any  person  in  company  heard  it. 
This  was  known  by  his  pricking  up  his  ears, 
quickening  his  pace,  and  turning  his  head  from 
' ' "  I  to  side.  He  also  mentions  a  tame  female 
E  5 


CONVERSATION  XIII. 

OF   THE    ORGANS    OF   SENSE. 
TOUCH. 


In  the  account  which  I  gave  you  of  the  i 
meats,  I  mentioned  that  the  skin  is  plentifiillj' 
supplied  with  nerves,  to  which  it  owes  its  peculiar 
sensibihly.  — This  sensibiUty  is  diffused  generally 
over  tlie  whole  surface,  and  forms  the  principal 
means  by  which  we  become  acquainted  with  many 
of  the  properties  of  substances,  as  heat,  cold, 
hardness,  soilness,  solidity,  figure,  extension,  and 
motion.  But  though  the  sense  of  touch  is  dif- 
fused over  the  whole  body,  the  fingers  are  more 
particularly  endowed  widi  it ;  and  hence  it  is  bjr 
them  that  we  more  particularly  eiumine  the  qua- 
lities of  external  bodies.  J 

HARRIET.  M 

I  have  heard  that  man  owes  a  great  deal  of  the 
powers  of  discrimination  which  he  enjoys  in  his 
hands,  to  the  peculiar  position  and  strength  of  his 
thumb. 


A 


I  have  no  doubt  of  this  being  the  ca.se,  tor 
the  thumb  is  a  very  important  organ  in  the 
examination  of  the  form  of  bodies ;  and  though 
the  monkey  tribe,  or  quath-umana,  have  hands  a 
good  deal  similar  to  those  of  man,  yet  their  means  of 
becoming  acquainted  with  the  properties  of  bodies 
is  Usa  complete  than  ours,  from  the  thumb  being 
weaker,  shorter,  and  less  easily  brought  to  meet 
and  oppose  the  fingers :  for  you  may  observe  that 
it  is  by  opposing  the  thumb  to  the  fingers,  that  we 
lieize  and  examine  tlie  most  minute  bodies,  with 
the  greatest  accuracy.  Tliere  is  likewise  this  im- 
portant difierence,  that  we  have  the  |)ower  of 
separating,  and  acting  with  the  fingers  separately, 
which  monkeys  have  not,  from  wanting  the  parti- 
cular muscles  necessary  for  the  purpose.  —  There 
are  little  elevations  of  skin  called  villi,  from  their 
supposed  resemblance  to  the  pile  of  velvet,  on 
which  the  minutest  ramifications  of  nerves  and 
blood-vessels  are  dilTused,  so  as  to  impart  to  them 
the  utmost  sensibility.  This  sensibility  may  be 
diminished  by  disease,  or  in  some  rare  cases 
entirely  lost;  and  though  the  diminution  of  sensi- 
bility is  generally  connected  with  a  diminished 
power  of  motion,  yet  this  is  not  always  the  case, 
as  I  have  already  had  occasion  to  notice. 

SOPHIA. 

You  mentioned  that  tlie  proboscis  of  an  elephant 
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and  the  snout  of  a  hog  are  the  organs  of  touch  ii 
those  animals :  I  suppose  that  every  liiHng  ere 
ture  has  some  particular  part  of  its  body  to  whii 
it  owes  the  sensations  of  touch. 

DR.  A, 

Most  animals  have  organs  of  touch  more  or  It 
perfect.  In  the  ruminant  animals,  and  horses,  tbS 
lips  or  tongue  seem  to  answer  this  purpose,  at 
does  the  upper  lip  in  the  rhinoceros.  The  whiai 
kers  of  animals  of  the  cat-kind  serve  the  s 
end,  the  bulbs  of  tliese  hairs  being  largely  su| 
plied  with  nerves.  The  combs  of  cocks  and  tul 
keys  give  those  animals  feelings  of  touch  ,- 
geese,  ducks,  and  other  animals  which  seek  thdj 
food  much  in  nmd,  have  their  bills  covered  vUb 
a  very  sensible  skin,  which  is  supplied  vrith  i 
abundance  of  nerves.  The  tails  of  some  antmali 
have  an  extraordinary  prehensile  power,  by  n 
of  which  they  can  seize  any  tiling  as  with  a  hand. 

'  CHAKLES. 

But  how  imperfect  must  all  diose  modes  of 
aminstion  be,  to  the  nice  organs  jxissessed  by  On 
human  race,  by  means  of  which  our  examination 
into  the  properties  of  bodies  are  so  minute  anj 
effectual. 


For  the  purpose  of  their  nature,  the  i 
of  touch   ill  animals  are   sufficiendy  well  adapt- 


ed  ;  and  in  particular  for  assisting  them  in  their 
appreciation  of  danger,  and  in  their  search 
after,  and  discrimination  of  food ;  but  the  hand 
of  man  is  so  superior  in  the  nicety  of  its  form- 
ation, as  well  as  in  the  iicuteness  and  diffusion  of 
its  sense  of  toucli,  to  any  thing  which  is  jHHsessed 
by  other  animals,  as  to  liave  been  termed  by  Aris- 
totle, the  instrument  of  instruments;  and  to  have 
been  regarded  by  some  philosophers,  and  in  par- 
ticular by  Buffun  and  Helvetius,  as  one  of  those 
organs  tu  which  we  are  mainly  indebted  for  our 
superiority  over  the  inferior  animals.  BufTon  car- 
ries his  notions  so  far,  as  to  suppose  that  one  man 
may  excel  another  in  genius  and  ability,  only  be- 
cause he  has  earlier  had  the  unrestrained  use  of 
this  sense,  which  the  prActice  of  swaddling  in 
another,  though  carried  on  merely  for  six  or  seven 
weeks  after  birth,  would  interrupt.  He  also  sup- 
poses, that  the  sagacity  of  animals  is  greater  in  pro- 
portion as  their  organs  resemble  those  of  man ; 
and  that  hence  llie  hand  of  the  ape,  and  the  trunk 
of  the  elephant,  make  these  animals  superior  to  all 
otiiers.  Helvetius  even  goes  so  iar  as  to  consider 
it  not  admitting  of  a  doubt,  that  if  nature  had 
terminated  our  wrists  by  the  hoofs  of  a  horse,  in- 
stead of  flexible  hands  and  fingers,  we  should 
have  been,  at  this  time,  wandering  in  the  forest 
like  wild  animals. 


OnoANS    OF   SEKSE. 


HARRIET. 

What  B  bumiliating  and  degrading  idea  !  These 
philosophers  seem  entirely  to  put  aside  the  intel- 
lectual  part  of  man,  that  high  glory  and  distinction, 
by  which  he  is  approximated  in  nature  to  tlie  great 
Being  to  whom  lie  owes  his  existence. 


"Whatever  may  be  the  nice  adaptation  of  the 
parts  of  animals  to  the  various  functions  which  they 
have  to  perform ;  however  they  may  even  seetn 
to  exceed  the  human  race  in  the  perfection  of 
some  of  their  organs,  yet  man  has  nobler  faculties 
than  those  of  mere  animal  existence,  by  which  he 
is  placed  at  an  immeaJurable  distance  above  the 
other  races  which  inhabit  the  earth.  Even  if  he 
had  hoofjA  instead  of  bands,  and  were  otherwise 
constituted  as  at  present,  he  would  still,  as  Mr. 
Dugald  Stewart  well  observes,  be  man,  in  pos- 
session of  all  the  faculties  and  powers  which  are 
characteristic  of  his  nature,  and  capable  by  ex- 
perience, and  the  resources  of  his  own  mind,  of 
making  up,  in  part,  for  so  material  a  defect.  — 
There  are  many  examples  of  people  born  without 
arms,  who  have  been  able,  by  means  of  their  eyes, 
feet,  and  toes,  by  tlieir  teeth,  or  by  other  parts 
of  their  body,  to  make  very  useful  exertions,  and 
to  acquire,    indeed,  great  expertness  in   various 
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mechanical  employments.  Persons  have  been  re- 
peatedly exhibited,  who  could  use  scissors  very 
adroitly  with  their  toes ;  and  some  have  been  de- 
scribed, who  could  discharge  a  pistol  with  Uiem, 
thread  a  needle,  write,  and  even  comb  their  heads, 
and  take  o(F  their  hats.  One  man  is  living  near 
Exeter,  who  is  without  amis  or  shoulders,  and 
yet  can  exercise  many  of  the  dudes  of  a  farmer. 
He  is  able  to  lift  great  weights  widi  his  teeth ; 
can  catch,  saddle,  and  bridle  his  horses,  and  do 
various  domestic  offices  with  hts  feet;  and  con 
feed,  dress,  and  shave  himself,  and  write  with  his 
toes.  He  has  been  twice  married,  has  ten  chil- 
dren, none  of  whom  have  any  natural  defect ;  and 
has,  occasionally,  batUes  with  other  men,  in  which 
he  runs  furiously  at  his  adversary  with  his  head, 
tripping  up  his  heels  at  the  same  time. — But  one 
of  the  most  interesting  examples  of  this  kind,  as 
you  may  remember,  is  diat  of  a  young  woman, 
[bo  had  neither  legs  nor  arms,  and  yet  could  sew, 
^  and  draw. 

HARRIET. 

I  perfectly  recollect  seeing  her  five  oi-  six  years 
:  her  name  was  BeSin ;  and  we  all  thought  she 
was  destitute  of  legs,  though  we  were  not  quite 
certain,  and  did  not  like  to  make  any  inquiries 
which  might  be  uncomfortable  to  her.  In  working 
1)  her  needle,  she  employed  her  mouth,  tongue. 
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and  teeth ;  together  with  a  small  stump,  which  e 
tended  four  or  five  inches  below  the  shoalderft 
and  in  writing  and  drawing,  she  guided,  with  her 
mouth,  her  pen  or  pencil,  which  were  fixed  by  R 
sort  of  loop  to  the  stump  of  the  right  side. 


In  all  these  examples,  there  is  a  directing  and 
ennobling  principle,  of  which  the  brute  creatkn 
is  destitute,  and  the  want  of  which  makes  it  pre* 
serve,  age  after  age,  the  same  relative  position  IB 
the  scale  of  existence.  Man,  therefore,  is  not  th« 
wisest  of  animals  (as  a  great  ancient  physician  obi^ 
served),  because  he  possesses  hands,  but  hands 
given  to  him  because  he  is  the  wisest  of  nntmals: 
for  it  is  not  by  his  hands,  but  by  bis  reason  that 
he  is  instructed  in  the  arts. 

There  is  a  very  important  circumstance 
nectedwiththesenseof  touch,  which  is  theassistanfii 
that  it  gives  to  vision.  When  we  consider  that 
perceptions  of  visible  objects  arise  fi-om  a.  picture 
of  such  objects  falling  upon  the  retina,  we  kncnfi 
that  our  sense  of  vision  merely  communicates  to  itjl 
a  picture  of  a  certain  magnitude,  and  of  certuj 
varieties  and  shades  of  colour.  If  we  did  not  kaoH 
by  touch,  the  forms  of  these  bodies,  and  were  nol 
acquainted  with  their  particular  shades,  and  ap 
parent  magnitudes  at  different  distances;  if 
were  ignorant  that  there  were  differences  of  sha< 
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^^■Uwering  to  tbe  different  prominences  and  depres- 
^^(ions  of  objects,  the  picture  of  the  retina  would 

merely  be  that  of  a  flat,  coloured,  nod  unmeaning 

surface. 

kBut  are  we  not  sensible,  when  we  view  a  picture 
any  object,   though  we  know  that  it  is  a  flat 
surface,  that  it  represents  objects  of  various  shapes 
and  forms,  and  that  by  the  diSerent  shades  and  dif- 
^^ferent  magnitudes,  objects  at  various  distances  are 
^bpicted? 

Certainly ;  but  then  we  have  the  previous  know- 
ledge which  enables  us  to  form  such  conclusions. 
I.et  us  take,  for  example,  the  pillar  on  which  the 
dial-plate  is  fixed.  Of  what  shape  and  Ri/e  is  it, 
what  is  its  distance,  and  of  what  material  is  it 
constructed  ? 

SOPHIA. 

und,  to  be  sure ;  about  a  foot  in  diameter ; 
ide  of  stone ;  and  at  about  a  dozen  yards 'distance. 


r  seems  easy,  but  how  do  you  come 
e  conclusions  i' 


r  surely  there  can  be  no  doubt  of  my  cor- 
tness  as  to  these  points? 
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There  is  ooiie  as  lo  your  correctness  j  and  do 
philosophy  is  required  to  communicate  the  iDfor< 
■nation ;  but  how  do  you  know  that  it  is  round? 

HOPHIA. 

I  see  that  the  light  and  shade  are  placed  in  a. 
particular  manner ;  and  even  if  a  flat  body  were  so 
pamted,  it  would  give  the  impression  of  a  round 


Unquestionably  it  would ;  but  if  you  had  no^ 
by  feeling  the  pillar  in  question,  or  other  round 
bodies,  become  acquainted  with  what  roundi 
is,  and  had  not  known  that  roundness  was  inraii* 
riably  characterised  by  certain  shades  of  surfaGC^. 
you  would  have  known  nothing  about  the  mattevH 
The  size  you  judge  of  by  comparison  with  other, 
bodies  of  known  dimensions;  that  is,  such  as  yow 
have  either  touched,  or  compared  with  others 
which  you  have  touched.  You  obtain  a  knowledgt^ 
ut  distance,  because  distant  objects  are  not  so  virij, 
as  when  near ;  and  then  their  images  bear  certald 
relations,  in  perspective,  to  other  bodies  of  knowR 
magnitude.  The  material,  stone,  you  know  t^ 
handling  it ;  and  when  you  have  once  seen,  and 
touched  it  at  the  same  time,  the  feeling  of  hard* 
oess,  coldness,  roughness,  or  polish,  as  the  < 
may  be,  are  immediately  brought  to  your  mind) 


and  give  all  the  requisite  inrormntion  whenever 
you  see  the  ptirticular  substance  again. 

SOPHIA. 

Then,  in  fact,  it  would  appear,  that  we  have 
every  information  of  this  kind  to  learn :  at  what 
period  does  our  education  commence?  It  most 
begin  in  the  nursery,  for  I  am  sure  that  our  Uttle 
Eleanor  knows  the  shape  of  the  pillar  as  well  as 
we  do, 

^K  DR.  A. 

^^m  Have  you  never  observed  what  delight  an  infant 
^Blfces  in  handling  bodies  which  are  brought  near 
^^B;  and  as  it  grows  in  strength  and  intellect,  how 
^^BBdOy  it  recognises  objects,  and  how  correctly  it 
BfacoUects  previous  impressions?  TTie  whole  of 
early  life  may  be  said  to  be  a  period  of  education, 
of  that  species  of  education  which  masters  would  in 
^_T&in  supply,  which  nature  has  placed  within  our 
^■Mm  power,  and  which  is  obtained  by  the  spon- 
^^fcieous  exercise  of  our  faculties. 

^^K  HARRIET. 

^^ft  This  is  very  wonderful,  but  yet  very  reason- 

^^SUe ;  but  what  would  be  the  circumstances  of  a 

person  wlio  suddenly   regalne<l   his  sight  {if  we 

could  suppose  any  such)  with  regard  to  external 

abjects  ?   he  would  have  no  previous   mcaits  of 

npnring  the  perceptions  of  sight  and  locich,  and 
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would  therefore  have  to  learn  tbeir  relations  U^ 
each  other,  before  lie  could  know  that  the  white- 
shaded  surface  of  the  pillar  related  to  the  objed 
which  we  know  to  be  the  actual  body. 

DR.  A. 

He  certainly  would ;  and  I  am  happy  in  beiiig 
able  to  communicate  to  you  a  very  celebrated 
from  Chesel den,  a  distinguished  surgeon,  who  dial 
about  70  years  since,   which  throws  much  light 
upon  this  subject.     It  is  that  of  a  young  gentle> 
man,  who  was  born  blind,  or  lost  his  sight 
early,  that  he  hiid  no  remembrance  uf  ever  havioc 
seen,  and  was  couched  between  13  and  H  yeat 
of  age.     He  was  never  so  Ijliiid  as  not  to  be  ab! 
to  discern  day  from  night,  aud  in  a  strong  ligll 
to  distinguish  black,  white,   and  scarlet;    but  h 
could  not  perceive  the  shape  of  any  tiling;  nor  dl 
he   know,    when  he  was    able  to  ^ee,    that   lb 
colours  which   he  could  distinguish  in  a  strouj 
light  before  the  operation,  were  the  same  as  thosQ 
which  he  saw  after  it.     M'hen  he  first  saw,  ha 
was  so  far  from  being  able  to  judge  of  distance^ 
that    he    thought    all  objects    whatever    touched 
his  eyes  (as  he  expressed  it),  as  what  he  felt  dH( 
his  skin;  and  thought  no  objects  so  agreeable 
those  ^'hicli  were  smooth  and  regular,  tliough  htf 
could  form'  no  judgment  of  their  shape,  or  gueW 
what  it  was  in  any  object  that  was  pleasing  to  him; 


He  knew  not  the  shape  of  any  thing,  nor  any  one 
thing  from  another,  however  different  in  shnpe  or 
magnitude;  but  upon  being  told  what  things  were, 
whose  form  he  before  knew  from  feeling,  he  would 
uarefully  observe,  that  lie  might  know  them  again ; 
but  having  loo  many  objects  to  lenrn  at  once,  he 
forgot  many  of  them  ;  and  (as  he  said}  at  lirst  lie 
learned  to   know,    and  again  forgot  a  thousand 
tilings  in  a  day.    One  curious  particular  Mr.  Che- 
selden  mentions.     Having  oflen  forgotten  which 
was  the  cat  and  which  the  dog,  he  was  ashamed  to 
ask  ;  but  catching  the  cat,  which  he  knew  by  feel- 
ing, he  was  observed  to  took  at  her  stendfastly, 
and  then,  setting  her  down,  said,  "  So,  puss,  I  ^hall 
know  you  another  time."    He  was  very  much  sur- 
prised, that  those  things  which  lie  had  liked  best, 
did  not  appear  most  agreeable  to  his  eyes ;  expect- 
ing that  the  persons  would  appear  most  beautiful, 
wbom  be  loved  most ;  and  such  things  most  agree- 
•ble  to  his  sight,  that  were  so  to  his  taste.     It  was 
thought  that  he  soon  knew  what  pictures  repre- 
sented which  were  shown  to  liini,  but  this  was 
afterwards  found  to  be  a  mistake;  for  about  two 
months  after  he  was  couched,  he  suddenly  dis- 
covered that  they  represented  solid  bodies,  when 
to  tliat  time  he  contiidered  them  only  us  party- 
(xJoured  planes,  or  surfaces  diversified  with^ variety 
of  paint.    But  even  then  he  was  no  less  surprised, 
expecting  the  pictures  would  feel  like  the  things 
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^B  they  represented ;  and  he  was  amazed  when  h« 
H^  found  those  parts,  which  b^  their  light  and  shadow 
appeared  now  round  and  uneven,  feU  only  flat  like 
the  rest;  and  asked  which  was  the  lying  sense, 
feeling  or  seeing?  Scarlet  he  thought  the  most 
beautiful  of  all  colours ;  and  of  others,  the  most 
gay  were  the  most  pleasing ;  whereas  the  first  lime 
he  saw  black,  it  gave  him  great  uneasiness,  yet 
after  a  little  lime  he  was  reconciled  to  it;  but 
some  montlis  after,  seeing  by  accident  a  n^ro 
woman,  he  was  stnick  with  great  horror  at  the 
si^ht.  Being  shown  his  father's  picture  in  a  lockel 
at  his  mother's  watch,  and  told  what  it  was,  he 
acknowledged  alikeness,  butwas  vastly  surprised;, 
asking,  how  it  could  be  that  a  large  face  could  1»j 
expressed  in  so  little  room ;  saying,  it  should  have 
seemed  as  impossible  to  him,  as  to  put  a  bushel  of 
any  thing  into  a  pint. 

At  first  he  could  bear  but  verj-  little  light,  and 
the  things  which  he  saw,  he  thought  extremely 
large  ;  but  upon  seeing  things  larger,  those  first 
seen  he  conceived  less,  never  being  able  to  imsginft 
any  lines  beyond  the  bounds  he  saw.  The  room  he 
was  in,  he  said,  lie  knew  to  be  but  part  of  the 
house,  yet  he  could  not  conceive  that  the  whole 
house  could  look  bigger.  Before  he  was  couched, 
he  expected  little  advantage  from  seeing,  worth 
undergoing  an  operation  for,  except  reading  and 
writing;  for  he  said  he  thought  he  could  have  no 


more  pleasure  in  walking  abroad,  than  lie  had  in 
tfaegarden, where  he  cotild  do  so  safely  and  readily. 
And  even  blindness,  he  observed,  had  this  advan- 
tage that  he  could  go  any  where  in  the  dark, 
much  better  than  those  who  can  see ;  and  after  he 
had  seen,  he  did  not  lose  this  quality,  nor  desire  a 
light  to  go  about  the  house  in  the  night.  He  said 
every  new  object  was  a  new  delight ;  and  the  piea- 
»ure  was  so  great,  that  he  wanted  words  to  express 
it;  but  his  gratitude  to  his  operator  he  could  not 
conceal,  never  seeing  him,  for  some  time,  without 
tears  of  joy  in  his  eyes,  and  other  marks  of  affec- 
tion :  and  if  he  did  not  happen  to  come  at  any 
time  when  he  was  expected,  he  would  be  so 
grieved,  that  he  could  not  forbear  crying  at  his 
disappointment.  A  year  after  first  seeing,  being 
carried  upon  Epsom  downs,  and  observing  an  ex- 
tensive prospect,  he  was  exceedingly  delighted  with 
it,  and  called  it  a  new  kind  of  seeing.  And  after 
being  couclied  of  his  other  eye,  he  said  that 
objects  at  first  appeared  large  to  this  eye,  but  not 
so  large  as  they  did  at  first  to  the  odier ;  nnd  look- 
ing ui>ou  the  same  object  with  botli  eyes,  he  thought 
it  looked  about  twice  as  large  as  with  the  first 
couched  eye  only,  but  not  double,  as  could  in  any 
way  be  <liscovered. 

HARRIET. 

I  This  is  really  a  I'ery  important  and  interesting 
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narrative,  and  it  serves  to  place,  beyond  a  doubt, 
the  means  by  which  we  come  to  a  knowledge  of 
external  nature.  I  shall  not  be  so  anxious,  id 
future,  to  prevent  an  infant  from  handling  objects 
of  its  attention,  since  it  is  a  species  of  lesson  which 
it  is  giving  to  itself,  and  which  is  necessary  to  its 
proper  education. 

DK.  A. 

You  must  take  care,  however,  that  the  disposi- 
tion to  assist  its  studies,  is  not  purchased  at  too 
dear  a  rate ;  for  you  must  recollect,  that  a  child 
inakes  no  distinction  between  a  wooden,  and  a 
glass  cup,  as  far  as  the  chance  of  destruction  goes  j 
and  that  it  is  very  long  before  it  obtains  sufficient 
knowledge  and  caution,  to  have  all  tlie  trustworthi- 
ness of  Harriets  and  Sophias. 


Have  no  confirmations  been  made  of  Chesel- 
den's  interesting  observations,  during  the  long 
period  that  has  elapsed  since  his  operation  was 
performed  ? 

You  must  observe  that  cases  of  tJie  kind  men- 
tioned by  Cheselden  are  very  rare ;  for  in  the  first 
place,  catarnct  is  a  complaint  which  very  often 
takes  place  after  vision  has  been  enjoyed  for  a  long 
period  previously ;  and  when  it  has  been  born  with 


a  person,  the  operation  may  Iinve  been  performed 
before  the  age  at  which  the  necessary  observations 
could  be  satisfactorily  made.  It  may  likewise  hap- 
pen, diat  the  blindness  was  less  complete  than  in 
Cheselden's  case ;  and  last  of  all,  that  botli  ob- 
server and  patient  may  be  less  acute  and  intelli- 
gent, than  is  necessaiy  for  accurate  observation  on 
so  difficult  a  subject.  A  similar  case  was  described 
some  years  since  by  the  late  Mr.  Ware ;  but  as 
the  observations  made  relative  to  it,  did  not  alto- 
gether correspond  with  those  of  Cheselden's  boy, 
though  there  was  reason  to  suspect  a  greater  de- 
gree  of  vision  than  in  his  case,  and  therefore  a 
less  fitness  for  correct  deduction,  some  degree  of 
doubt  was  thrown  on  Cheselden's  interesting  his- 
tory, which  for  80  years  previously  had  been  un- 
questioned. There  has  been  lately  published, 
however,  by  the  ingenious  Mr.  Wardrop,  in  the 
Philosophical  Transactions,  the  particulars  of  a  case 
which  agree,  in  the  most  important  points,  with 
Mr.  Cheselden's  narrative.  In  this  case,  a  lady 
of45,  whowas  born  blind,  hod,  when  about  six 
months  old,  her  right  eye  entirely  destroyed  by 
the  effects  of  an  operation  which  was  made  for  her 
relief  at  Paris.  An  operation  was  likewise  per- 
formed on  llie  left  eye,  but  without  success ;  and 
it  appears  that  owing,  perhaps,  in  some  degree  to 
fbis  operation,  &  contraction,  and  in  time  a  coin- 
e  obliterstioa  of  the  pupil  took  place,  with  the 
F  2 


power  of  distinguish  ID  g  a  very  briglit  light  onlj^ 
This  state  of  things  existed  when  Mr.  Wardrc ' 
saw  her ;  the  fore  part  of  the  eye,  or  cornea,  t 
transparent ;  but  tiie  rays  being  unable  to  j 
trate  into  the  interior  of  the  eye,  from  the  pup! 
being  shut  up  by  the  iris  expanding  like  a 
over  it.  Tlie  operation  necessarj-  for  her  relie 
was  therefore  to  take  out  a  small  part  of  the  centre 
of  the  iris,  and  thus  to  make  an  artificial  opening 
or  pupil  in  it,  which  might  allow  the  light  to  pass 
through  the  eye,  and  be  impinged  upon  the  rfr 
tina.  After  three  operations,  the  sight  was  re- 
stored, and  she  found  herself  in  possession  of  an 
entire  new  sense.  The  first  object  which  she  r^ 
marlied,  was  a  hackney- coach,  when  she  asked 
what  large  thing  it  was  that  had  passed  :  she  was 
much  amused  with  various  objects  which Vere  pre- 
senlei]  to  her ;  and  enquired  whether  some  oak- 
coloured  doors,  on  the  opposite  side  of  the  street, 
were  red.  Slie  asked  what  a  handkerchief  was. 
which  her  brother  threw  over  his  face,  and  com- 
plained of  being  bewildered  with  the  new  objects, 
and  disappointed  in  not  distinguishing  at  once  by 
the  eye,  objects  which  she  couid  so  readily  discri- 
mmate  from  one  another  by  feeling  them. 

She  often  asked  what  things  were ;  and  couid 
form  no  idea  what  an  orange  was,  on  the  chimney- 
piece,  till  she  touched  it.  On  being  told  that  it 
was  port  wine  which  her  brother  was  drinking,  she 


said  it  looked  lo  Iier  very  ugly ;  and  when  she  was 
informed  that  the  shining  edge  of  a  japanned  tray 
was  yellow,  observed  (as  Cheselden's  boy  did  of 
the  cat),  '  I  shall  know  tliat  again.'  On  b^ng 
taken  out  of  the  house,  she  was  surprised  and  de- 
lighted with  every  thing;  but  particularly  admired 
the  blue  sky,  which  she  said  was  the  prettiest  thing 
which  she  liad  yet  seen,  and  was  equally  pretty 
every  lime  she  turned  round  to  look  at  it.  She 
was  confused  with  the  multiplicity  of  objects,  and 
excited  the  observations  of  bystanders,  by  the 
manner  in  which  she  stared  at  every  tiling.  Re- 
flection of  bright  light  was  unpleasant  and  start- 
ling. Sl)e  was  sensible  of  the  difTerent  impres- 
sions from  colours,  and  soon  learnt  their  different 
names;  prefening  yellow,  and  tlien  pale  pink. 
She  had  much  difficulty  in  directing  her  eye  to  an 
object,  and  finding  its  position;  moving  her  hand, 
as  well  as  her  eye,  in  various  directions,  as  a  per- 
son when  blindfolded,  or  in  the  dark,  gropes  with 
his  hands  for  what  he  wishes  to  touch.  Some- 
times when  an  object  was  held  close  to  her  eye, 
she  would  search  at  a  distance  for  it ;  and  at  otliers, 
feel  close  to  her  face  for  a  thing  far  removed  from 
her.  When  a  pencil-case  and  a  key  were  put  into 
^^r  hands,  she  knew  each  distinctly ;  but  on  being 
aid  on  a  table  before  her,  she  could  not  tell 
irhich  was  the  one  and  which  the  other.  She 
1  distinguish  large  from  small  objects;  the 
f  3 
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upperfrom  the  lower  part;  saw  objects  erect;  nn^ 
could  perceive  motions ;  but  on  her  leaving  Lon- 
don, 4-2  days  ofler  the  last  operation,  she  found 
that  she  still  had  a  great  deal  to  learn. 


It  is  veiy  gratifying  to  find   Cheselden*s  case 
thus  confirmed;  for  I  have  heard  doubts  enter- 
tained of  its  correctness,  though  the  results  were 
exactly  what  had  been  foretold  would  happen,  undel 
the  circumstance  of  a  person  bom  blind,  suddenly 
recovering  his  sight.      Locke,  I  recollect,  stales 
that  Mr.  Molyneux,  on  being  asked  whether  if  a 
metallic  cube  and  sphere,   the  shapes  of  wl 
were  previously  known  by  touch,  were  placed 
fore  a  person  who  suddenly  regained  his  sight, 
would  know  the  one  from  the  other,  was  of  opinion 
that  he  would  not,  and  in  this  Locke  agreed  with 
him.     Mr.  Wardrc^'s  experiment  of  tiie  pencil*' 
case  and  key  is  quite  decisive  of  this  point.  — 
presume  that  persons  who  have  been  unfortunate!] 
deprived  of  vision,  particularly  at  an  early  peri< 
have  their  other  senses,  and  especially  their  hearini 
rendered  much  more  acute.  In  order  to  make  U| 
for  the  defect. 


if  a 
lich^^ 

^9 


It  is  wisely  ordained  by  Providence,  that  ther»fl 
is  a  compensation  given  for  most  of  the  corpore 


defects  which  occur  to  us.  We  have  seen  this 
exemplified  when  tlie  limbs  hare  been  wanting; 
and  it  is  very  strikingly  so  with  the  blind,  whose 
hearing.  ])ower  of  touch,  and  faculty  of  general 
observation,  become  much  more  nice  and  accurate 
than  in  ordinary  circumstances. 

There  are  mauy  examples  on  record,  of  blind 
men  acquiring  great  facility  in  conducting  them- 
selves about,  and  in  discriminating  external  ob- 
jects. An  instance  is  mentioned  in  the  Manches- 
ter Memoirs,  of  one  John  Metcalf,  who,  though 
blind,  was  able  to  find  his  way,  when  the  ground 
was  covered  with  snow,  over  the  most  intricate 
roads.  Singular  as  it  may  appear,  he  was  em- 
ployed as  projector  and  sur\eyor  of  highways  in 
difficult  and  mountainous  parts;  and  was  in  this 
capacity  greatly  distinguished.  With  the  assist- 
ance only  of  a  long  staff,  he  was  able,  in  a  way 
seculiar  to  himself,  and  which  he  could  nut  well 
explain,  to  make  his  observations  and  designs  in 
the  most  satisfactory  manner. 

Dr.  Saunderson,  formerly  professor  of  mathe- 
matics at  Cambridge,  was  one  of  tlie  most  splendid 
examples  ever  known  of  high  acquirements  in  the 
blind.  His  knowledge  in  mathematics  was  very 
profound;  and  his  lectures  were  remarkably  clear 
and  intelligible.  His  sensation  of  touch  was  so 
very  acute,  that  he  was  able  to  distinguish,  merely 
f  running  his  fingers  over  them,  between  a  ge- 
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^M  nuine  antique  and  a  counterfeit  medal.  He  hacL 
^  R  similar  faculty  to  that  whicti  I  have  already 
mentioned  on  the  subject  of  hearing,  in  di 
guishiiig  the  distances  of  bodies ;  and  he  could  re*- 
collect  places  prelty  exactly,  by  the  sounds  ofi 
pavements,  and  the  reflection  of  sounds  from  wall 
He  was  a  distinguished  musician,  and  his  ear  was 
so  nice,  that  he  readily  was  said  to  be  able  to  dii 

I      criminate  the  fifth  pai't  of  a  note  of  music, 
Dr.  Moyes  was  likewise  remarkable  for  his  ai 
quirements  in  Natural  Science,  and  for  his  excd" 
lence  as  a  lecturer,  though  he  lost  his  sight  by  the 
small-pox  in  infancy.     He  could,  from  early  lii^ 
use  edged  tools  with  great  dexterity ;   and  made 
little  windmills,  and  even  a  loom.     His  power 
lUscriminating  soimds  was  exquisite,  both  as 
the  size  of  rooms,  the  number  of  pereons  whii 
they  contained,  the  height  of  those  with  whom  1 
talked,  and  other  minute  particulars.     He  had 
certain  perception  of  very  vivid  rays,  when  refract- 
ed through  a  prism ;  and  from  red  rays  derived' 
disagreeable  sensations,  which  he  compared  to  the 
touch  of  a  saw ;  while  the  green  were  agreeable  I 
him,  and  conveyed  to  him  the  same  idea  as  thi 
which  was  produced  by  running  his  hand  ovt 
smooth  polished  surfaces.      He  excelled  in  the 
charms  of  conversation,  and  was  happy  even  in 
his  allusions  to  visual  objects. 
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CHARLES. 

I  should  imagine  that  the  memory-,  in  the  blind, 
must  acquire  a  great  additional  power  of  retention ; 
for  there  must  lie  a  great  many  minute  circum- 
stances to  recollect,  in  all  tlie  pursuits  in  which 
blind  persons  excel,  of  which  those  who  see  can 
have  Qo  idea. 


I 


TTiey  are  cut  off  from  all  objects  wliich  distract 
tfae  attention,  and  have,  therefore,  the  power  of 
making  their  sensations  more  the  subject  of  re- 
mark, and  of  having  them  more  deeply  impressed 
on  the  memory,  than  those  who  see. 

HARRIET. 

How  gready  are  the  blind  objects  of  our  sym- 
pathy. The  countenance  owes  so  much  of  its 
character  and  vivacity  to  the  eyes,  that  one  cannot 
but  feel  an  indescribable  melancholy  in  tlie  con- 
templation of  the  vacant  countenance,  and  the  roll- 
ing unmeaning  eye  of  a  blind  person.  The  beau- 
tiful and  plaintive  lines  of  Milton  well  depict  the 
pensive  state  of  mind  to  which  the  want  of  sight 
gires  rise,  in  those  who  have  once  known  its  en- 
joyments : 

■        •»  . , — _  Thus  wilh  the  year 

6enM>D«  return,  but  not  to  nie  retunu 
Day,  or  the  sweet  approach  of  ev'n  or  iDorn, 
Or  tight  of  veroal  bloom  or  summer*!  rose. 
Or  flodu,  or  herds,  or  human  face  divine." 

r  5 


OB CANS  OF  SEKSE. 


And  yet  there  is  such  a  charm  in  human  Intei^ 
course,  that  it  certainly  admits  of  a  question, 
which  organ  we  owe  most  of  the  enjoyments  <l 
life,  the  eye  or  the  ear.  If  a  person  is  bom  blin^ 
the  hearing  and  other  organs,  as  we  have  seeii| 
make  up  in  a  considerable  degree  for  the  defect] 
if  he  is  born  deaf,  he  is  also  dumb,  and  thus  is  en- 
tirely cut  off  from  the  greatest  blessing  of  11^ 
social  intercourse,  the  interchange  of 
and  feelings,  to  which  man  owes  so  largely,  bit' 
most  noble  and  characteristic  enjoyments.  Bit 
what  would  you  say  to  the  privation  of  two 
hearing  and  seeing? 


One  can  hardly  conceive  a  state  of  things  t 
aolate:  but  have  any  instances  of  so  untbrtmutS 
and  pitiable  a  state  of  existence  been  known  ? 

DB.  A. 

Condillac  and  Diderot  have  speculated  on  tl 
knowledge  of  external  objects,  which  could  1 
obtained  under  the  want  of  one  or  more  of  tb 
different  organs  of  sense ;  and  many  of  their  sup 
positions  are  sufficiently  probable :  but  a  case  of  I 
very  extraordinary  nature  occurred  some  yeari 
since,  which  put  some  of  their  hypotheses  to  tbl 
test.  It  was  that  of  a  young  man,  named  Jjunei 
Mitchell,  the  son  of  a  clergyman  in  the  county  o 
20 


Moray,  who  was  bora  not  only  bimd,  but  deaf. 
The  cb'cumstances  of  this  case  are  so  peculiar  and 
so  interesting,  that  I  shall  give  you  the  details  of 
it  at  some  length ;  referring  you  to  the  7th  vol. 
of  the  Edinburgh  Philosophical  Transactions  for 
the  original  account ',  by  the  very  distinguished 
Mr.  Dugald  Stewart. 

This  poor  fellow  was  born  in  1 795,  is  described 
as  being  itthletic  and  robust,  having  an  intelligent 
countenance,  and  as  being  one  of  a  large  family, 
in  wliom  there  were  no  corporeal  defects.  His 
motbcr  very  early  discovered  that  he  was  blind, 
from  his  shewing  no  desire  to  turn  his  eyes  to  the 
light ;  and  that  he  was  deaf,  from  iio  noise,  how- 
ever loud,  being  capable  of  awakening  him  from 
sleep.  Very  early  in  lilc,  he  used  to  be  much 
[leased  with  striking  a  key,  or  any  thing  else, 
which  commuuicated  a  sharp  sound,  upon  the 
teeth ;  but  his  principal  gratiiicalion  seemed  to 
consist  in  fitting  for  an  hour  at  a  time,  opposite  to 
a  small  hole  in  the  south  wall  of  an  outhous^  so 
as  to  receive,  directly  upon  his  eyes,  the  beams  of 
the  sun,  which  shone  through  the  chink  during 
a  part  of  the  forenoon.  He  was  likewise  pleased 
with  the  bright  light  of  candles ;  and  derived  great 
amusement  from  concentrating  the  sun's  rays  on 
his  eyes,  by  means  of  pieces  of  glass,  transparent 

•  See  also  Mr.  Stewart's  3d.  vol-  of  thcPhilosopliy  of  ihe 
nMiiul,  u)d  the  Edinburgh  Iteview  for  is  13. 
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pebbles,  or  similar  substances.  But  though  he 
had  perceptious  of  light,  he  derived  little  or  no 
assistance  from  his  eyes,  as  organs  of  vision.  His 
most  pleasurable  sensations  were  from  taste  and 
smell,  and  he  eat  with  great  voracity;  but  ha 
received  great  pleasure  fiUo  from  the  sense  of 
touch,  applying  substances  to  the  tongue,  in  order 
to  feel  their  sur&ces  more  accurately,  and  employ- 
ing himself  frequently,  for  many  hours  together, 
in  selecting  from  the  bed  of  a  river,  which  mos  > 
within  a  few  yards  of  the  house,  stones  of  a  round 
shape,  nearly  of  the  same  weight,  and  having  a 
certain  degree  of  smoothness.  When  visitors  ap* 
rived,  who  were  most  frequently  males,  he  di»>. 
covered  the  circumstance  by  smell,  and  first  ascer^ 
tained  whedier  the  stranger  wore  boots :  if  he  didy 
he  immediately  quitted  the  room,  went  into  the> 
lobby,  secured,  and  accurately  examined  his  whi]H 
went  to  the  stable,  and  handled  the  horse  with 
much  Qttendon.  If  there  was  a  carriage,  he  would 
examine  the  whole  of  it  with  great  attention,  and 
try  carefully  the  elasticity  of  the  springs.  On  c 
occasion  that  his  desire  to  visit  the  stable  ha^ 
been  thwarted,  he  contrived  to  lock  the  servantir 
into  the  kitchen,  in  order  to  be  allowed  to  a 
plish  his  visit. 

He  contrived  to  make  known  his  wants  by « 
lort  of  natural  language.  If  he  were  hungry,  htt 
touched  his  motlier  or  sisters,  and  pointed  to  the 
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place  where  ihe  victuals  were  usually  kept.  If  he 
wanted  dry  stockings,  be  pointed  to  his  legs ;  and 
upon  one  occasion,  when  shoes  that  were  too  small 
for  him  were  put  away  into  a  closet,  he  took  them 
out  of  tlie  closet,  and  put  them  on  the  feet  of  a 
young  lad  who  attended  him,  whom  they  fitted 
exactly.  When  sick  or  feverish,  he  used  to  point 
to  his  head,  or  to  put  his  mother's  Iiand  opposite 
to  his  heart.  He  expressed  satisfaction  or  compla- 
cency by  patting  the  person  or  object  which  ex- 
rtdted  this  feeling ;  rage,  by  bellowing ;  and  great 
iure  by  laughter.  He  was  most  readily  ma- 
by  his  sister,  who  notified  her  wishes  to  him 
by  the  different  degrees  of  force,  and  different 
manners  with  which  she  touched  his  head.  New 
clothes  were  his  greatest  delight.  After  his  mea- 
sure had  been  taken,  every  hour  was  full  of 
anxiety,  till  the  new  suit  was  In  his  possession- 
He  persecuted  the  tailor  or  slioemaker  until  his 
shoes  or  ooat  were  finished,  and  was  their  guest, 
morning,  noon,  and  night,  till  the  last  stitch  was 
drawn.  Tearing  iiis  clothes  was  the  usual  expres- 
sion of  his  anger ;  and  nothing  was  a  greater 
punishment,  thali  being  obliged  to  wear  them 
when  torn.  He  obtained,  by  careful  examination, 
a  certain  range  around  tlie  house,  in  which  be 
walked  fearlessly,  and  gradually  felt  his  way  ioto 
new  ground:  On  one  occasion,  he  was  seen  creep- 
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ing  across  a  narrow  foot-bri(}ge,  at  a  place  where 
the  stream  was  deep  and  rapid :  but  he  was  pr^ 
vented  making  any  further  attempts  of  a  simUar 
kind,  by  being  plunged  once  or  twice  into  th« 
river,  a£  soon  as  he  was  secured.  During  the 
cure  of  a  wound  on  his  foot,  it  was  usually  rested 
on  a  small  footstool.  More  than  a  year  afterwards, 
the  boy  with  whom  he  used  to  play,  met  with  A 
similar  accident.  As  soon  as  he  discovered  this, 
which  he  did  from  the  boy  being  stationary,  and 
having  bandages  on  his  legs,  he  went  up  to  a  gar- 
ret, sought  out  Ihe  little  footstool,  and  bringing  it 
in  his  hand  to  tlie  kitchen,  quietly  placed  the  boy'j 
foot  upon  it. 

He  went  to  church,  and  conducted  himself 
reverently ;  but  was  without  any  appearance  of  re- 
ligious feehngs.  He  was  attached  to  his  family ; 
assisted  the  farm  servants  in  some  of  their  duties^ 
as  cleaning  the  stable,  and  endeavoured  to  repair 
breaches  in  the  farm  houses,  and  to  build  houset 
with  turf.  Some  attempts  were  made  to  improve 
his  sight ;  but  tliough  at  Brst  promising,  there  was 
at  length  a  complete  failure.  In  a  subsequent 
communication  to  the  Royal  Society  of  Edin- 
burgh in  1815,  by  the  late  esteemed  Dr.  Gordon 
of  Edinburgh,  a  few  further  particulars  are  given, 
and  on  account  of  some  unsuccessful  attempts 
which  were  made  for  his  in6tnicti<Hi. 
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SOPHIA. 

You  have  interested  us  exceedingly,  by  the  his- 
tory of  this  poor  boy,  who  seems  so  much  cut  off 
from  communication  with  the  external  world ;  yet 
he  has  amusements  and  gratifications. 

CHARLES. 

Have  no  recent  accounts  been  heard  of  him  ? 
Such  a  remarkable  case  should  not  be  lost 
sight  of. 


I  have  been  surprised  that,  since  the  account 
which  was  given  of  him  in  1815,  so  long  a  period 
riiould  have  elapsed  without  his  being  noticed  to 
die  public;  and  it  was  only  the  other  day  that  I 
was  gratified  by  seeing,  in  the  third  volume  of  Mr. 
Stewart's  Elements  of  the  Philosophy  of  the  Human 
Mind,  just  published,  a  letter  from  Miss  Mitchell, 
addressed,  in  August  last,  to  Sir  Thomas  Dick  Lau- 
der, of  Relugas,  in  which  the  account  of  tlie  brother 
was  brought  up  to  tliat  time.  —  1  shall  mention  to 
l^ou  the  principal  cincumstnnces  which  are  noticed 
in  it,  s<Hne  of  which,  it  appears,  were  stated  in 
previous  letters  to  the  late  Dr.  Gordon  or  Mr. 
Stewart,  which  have  been  mislaid.  After  an  es- 
cape which  he  had  from  drowning,  he  did  not  for 
a  long  time  visit  the  sea-shore;  but  as  his  recol> 
lections  became  fainter,  he  gradually  resumed  his 
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rambles  on  the  beach,  but  never  entered  into  anf 
of  the  boats. 

He  was  once  thrown  down  by  the  leaders  of  tbe 
Dinil-coacl),  but  not  hurt.  Ever  afterwards,  hoi 
ever,  he  bolted  aside  whenever  a  carriage  was  a] 
proaching.  He  is  fond  of  smoking,  and  has  K 
regular  supply  of  tobacco  and  pipes,  2  pipes  a 
J  of  an  ounce  of  tobacco  per  day;  and  nevef 
expects  his  allowance  except  at  fixed  times.  Ona 
he  broke  his  pipe  before  the  time  for  receiving  I 
new  one,  and  taking  a  halfpenny,  which  was  in  t 
cupboard,  brought  it  and  the  broken  pipe,  with  I 
supplicating  air,  to  his  sister;  but  she  made  sigi 
for  his  replacing  the  halfpenny,  as  she  knew  I 
dangerous  it  was  to  relax,  in  the  least  degree,  from 
the  precision  of  her  dealings  with  him.  He  v 
much  displeased  by  her  non-compliance ;  but  got 
a  present  of  a  pipe  from  an  out-door  friend,  wbidi 
put  him  into  good  humour.  —  His  mother,  durii^ 
her  life-time,  used  now  and  then  to  indulge  him  ta 
little  things  which  his  sister  refused ;  and  he  n 
in  the  habit,  therefore,  of  making  an  appeal  to  her». 
when  chsappointed  in  his  applications  to  Miss 
Mitchell.  He  knows,  however,  that  it  is  in  vain 
to  expect,  now,  any  compliance  with  his  capricioua 
wishes ;  and  if,  at  any  time,  he  has  asked  for  any 
thing  out  of  the  common  run  (which  seldom  hap- 
pens), and  been  refused,  he  takes  the  first  favour* 
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nl)le  opportunity  of  getting  over  bis  displeasure, 
nntl  becoming  frietids  with  his  sister  again. 

For  some  time  after  the  loss  of  his  mother,  he 
seemed  to  experience  the  fear  of  losing  his  sister 
also;  and  when  at  any  lime  she  got  awny  from 
home,  he  instantly  went  round  every  part  of  tlie 
house  in  quest  of  her.  He  is  continually  anxious 
to  secure  her  personal  services,  and  will  wait  till  a 
servant  is  out  of  the  way,  to  get  his  pipe  lighted, 
or  have  any  other  little  office  performed  by  her; 
and  in  case  of  his  sister's  absence,  will  reserve  all 
bis  little  repairs  till  her  return.  He  walks  about 
fearlessly  in  all  directions,  many  miles  from  home;  is 
much  amused  with  the  various  occupations  of  work- 
men in  Nairn,  the  town  where  he  now  lives ;  and 
will  climb  ladders,  and  mount  scaiTolding  without 
dread,  and  hitherto  has  done  so  without  accident. 
He  makes  himself  at  home  every-wbere;  and  is  so 
inoffensive,  that  he  is  allowed  to  enter  every  bouse, 
and  handle  every  tiling  at  pleasure.  All  classes 
seem  to  contribute  to  his  safety  and  amusement ; 
and  only  on  one  occasion  did  he  ever  meet  with  a 
rebuff,  and  that  was  at  a  house  which  was  occu- 
pied by  strangers,  who  were  quite  unacquainted 
with  bis  situation.  He  was  very  suspiciously,  as 
the  family  thought,  handling  the  umbrellas  in  the 
lobby,  and  as  ibey  got  no  reply  to  tlieir  remon- 
stnuices  on  the  sul^ect,  they  turned  him  out  by 
the  shoulders;  not  without  difltculty,  however,  for 


he  gave  them  all  the  kicks  and  blows  in  his  po^ 
He  was  terribly  unnoyed  at  this  uicident,  and 
seen,  just  after  the  occurrence,  by  two  gentlei 
bellowing  with  rnge,  and  not  to  be  pacified. — 
does  not  now  like  the  condnenient  of  church, 
though  he  accompanies  his  si;>ter  a  little  way  on  Ok 
road,  he  gently  declines  carrying  the  bible,  which 
he  used  to  do  when  he  wished  to  accorapany  hec,- 


CHARLDS. 

How  much  the  jX)or  fellow  is  indebted  to  llifl 
kindness  of  his  sister,  for  a  great  deal  of  the  Utile 
enjoyment  of  which  he  is  capable.  It  is  quite  d^ 
lightful  to  see  how  she  devotes  herself  to  his 
vice:  he  may  be  said  to  exist  in  her  sym] 
and  attachment. 


i 


ipatH 
oMmH 


Sir  James  Macintosh  had  a  long  interview 
them  some  years  since;  and  in  a  letter  to 
Stewart,  feelingly,  and  elegantly  observed  of  Mss 
Mitchell,  that  the  habitual  exercise  of  ingenious 
benevolence  seemed  to  him  to  leave  its  traces 
her  naturally  agreeable  features,  and  to  give 
expression  more  deliglitful  than  beauty. 


CHARLES. 

I  cannot  conceive  in  what  way  the  poor  felloi 
can  so  readily  find  his  way  about  the  country  li 
all  directions.     He  is  not  described  as  ttsiDgl 
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stick,  or  feeling  his  way ;  and  yet  it  must  be  by  the 
acuteness  of  his  sensations  of  touch,  that  he  is  prin- 
cipally guided,  as  he  is  destitute  of  any  assistance 
from  hearing.  He  is  represented  as  at  first  having 
laboriously  explored  a  siuaU  space  around  the 
house,  which  he  tlieu  walked  over  fearlessly; 
but  now  he  seems  to  be  nble  to  go  many  miles 
from  home  without  preparation. 


This  particular  point  does  not  appear  to  have  at- 
tracted sufficient  attention.  Smell  may  have  some 
effect  in  assisting  him  ;  but  touch,  1  should  imagine, 
is  the  principal  agent.  I  hope,  however,  that  his 
amiable  sister,  or  some  of  his  discerning  friends, 
will  direct  their  particular  observation  to  his  mode 
€t(  appreciating  the  positions  of  places,  and  those 
inequalities  of  surface  which  lie  must  continually 
meet  with.  In  the  instance  in  which  he  turned 
aside  at  the  approach  of  a  carriage,  it  is  clear  that 
the  vibration  from  the  earth  must  have  been  com* 
municatetl  very  sensibly  to  his  body,  and  given 
him  warning  of  the  object  which  he  wished  to 
avoid. 

Harriet. 

The  want  of  one  sense  is  an  essential  privation, 

though  it  is  often  made  up  by  the  greater  [jcrfec- 

tion  of  tliose  which  remain;  but  that  of  two  seems 


I 
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to  shut  out  almost  every  avenue  to  comfort  and 
enjoyment. 

QR.    A. 

But  if  you  supposed  a  person,  in  addition,  bom' 
without  the  sense  of  touch,  he  would,  it  b  dear, 
have  no  conception  of  the  sliape,  or  of  any  other 
of  the  external  characters  of  bodies,  any  more  than 
of  their   visual   appearance.     Imagine,   likewise 
the  sense  of  smell  deficient,  by  which  he  could 
ceitain  the  neighbourhood  of  certain  bodies,  giving 
out  certain  exhalations ;  and  the  power  of  distin* 
guishing,  by  taste,  the  flavour  of  any  thing  receivi 
as  aliment,  you  would  leave  to  him  hardly  an  avb> 
nue  of  connection  with  the  world  In  which  we  liv^ 
Man,  therefore,  from  the  earliest  period  of  lifo^ 
imperceptibly  becomes  acquainted  with  externa 
nature ;   and  by  the  proper  emplojinent  of 
corporeal  functions  on  the  one  hand,  and  of 
mental  faculties  on  the  other,  he  acquires  an  el< 
vation  to  that  high  rank  in  the  creation,  vbidbi 
Providence  has  assigned  to  him. 

SOPHIA. 

Have  the  lower  animals  any  means  of  compeOj 
satlon  for  defective  organs,  as  is  the  case  witj 
man? 

Dlt.    A. 

It  is  not  improbable  that  this  may  go  to  a  cei* 
tain   small  extent;  but  on  this  it  Is  exceedingly 
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(liGGcuU  to  form  an  estimate.  It  cannot  go  far, 
however,  for  it  is  in  a  great  degree  by  the  powers 
of  reasoning,  co-operating  with  the  senses,  that 
mao  is  able  to  make  up  for  any  deficiency  which 
he  may  have,  eitiier  by  accident  or  nature ;  and 
you  have  seen  this  remarkably  evinced  in  the  pro- 
ficiency which  various  persons  have  made  in  me- 
chanical arts,  notwithstanding  the  want  of  hands. 

CHARLES. 

And  yet  there  seems  to  be  a  faculty  in  animaU, 
which  approximates  to  reason  in  man ;  for  when 
a  well  practised  horse  measures  the  height  of  his 
leap,  and  will  not  attempt  what  exceeds  his  force 
and  ability ;  and  while  an  old  grey  hound  leaves 
the  fatiguing  part  of  the  run  to  the  younger,  and 
places  himself  so  as  to  meet  the  hare  in  its  doubles, 
it  cannot  be  denied  that  they  enjoy  a  reasoning 
faculty,  to  a  certain  extent. 


Animals  unquestionably  possess  the  powers  of 
external  perception  and  memory,  and  they  likewise 
exhibit  judgment,  wliich  is  strikingly  exeniplilied 
in  the  instances  which  you  have  given ;  and  some 
of  ihem  are  remarkable  for  the  attachment  which 
they  have  to  individuals  of  the  human  race.  In 
these  circumstances  they  resemble  man;  but 
without  going  into  metaphysical  subtleties,  their 
great  discriminating  characteristic   seems    to   be 
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the  Etrength  of  Instinct,  by  which  they  are  in* 
structed  by  nature  in  all  that  is  necessary  to  their 
existence,  while  man  requires  experience,  and  it 
largely  entlowed  willi  the  laculties  by  which  he 
gain  it. 

SOPHIA. 

It  is  curious  that  animals  should  come  more 
perfect,  if  one  may  so  term  it,  out  of  the  hands  of 
their  Maker,  than  man  himself. 

DH.  A. 

But  this  is  an  acknowledgment  of  the  highej 
faculties  whicli  man  possesses,  and  which  give  hi 
the  means  of  obtaining  knowledge  and  experieni 
for  himself.  —  Young  partridges  and  grouse,  wh< 
ihey  come  from  their  shells,   are  able  to 
about  among  corn,  grass,  or  heath,  without  tl 
apparent  necessity  of  any  experience  as  to  the  di 
tances  of  what  may  be  injurious,  or  not.    Chi 
as  soon  as  they  are  hatched,  con  run  about 
du'ections,  and  can  make  their  way  in  a  straight  li 
to  grains  of  corn,  even  at  the  distance  of  sei 
yards,  while  man  lias  to  gain  accuracy  of  visit 
by  long  experience.     In  the  early  periods  of  tli 
history  of  society,  the  lord  of  the  creation  wi 
obliged   to   be  contented  with  a  rude  hut,  or 
natural  excavation  for  his  habitation  ;  but  the  b( 
could  build  its  cells  with  all  the  mathematical  pn 
etsion  of  which  it  is  now  capable,  the  bird  its  nest, 


and  the  bearer  its  subteiranean  dwellings,  at  tlie 
first  creation  of  the  auimal,  as  well  as  at  present. 
One  of  our  greatest  poets,  makes  man  the  imitator 
of  animals,  when  he  says, 

^''  Thy  arts  of  building  from  the  bee  receire. 
Learn  of  the  mole  to  plough,  the  worm  to  weave, 
LeBTD  of  the  little  nuudius  to  soil. 
Spread  the  thin  oar  aiid  catch  the  driving  gale." 

Instances  ofinstinct  are  numberless  in  the  animal 
creation.  —  There  is  a  wonderful  example  of  in- 
stinct in  the  migration  of  birds,  which  find  their 
way  over  unknown  regions  by  the  unerring  guid- 
ance of  nature.  The  same  is  likewise  the  case 
in  the  ascent  of  fish  up  almost  insurmountable  ob- 
stacles, to  deposit  their  spawn  in  secure  places ;  and 
in  the  position  which  insects  select  for  their  eggs, 
for  the  purpose  of  insuring  proper  nourishment 
to  the  young,  as  soon  as  they  require  it;  and  in 
short,  there  are  none  among  the  infinitely  nume- 
rous races  of  animals  which  inhabit  the  earth,  that 
do  not  afford  beautiiitl  examples  of  that  instinct,  to 
which,  in  so  material  a  degree,  they  owe  ihetr  ex- 
istence and  their  support.  Of  certain  variations  in 
the  ajiplication  of  their  instinctive  powers,  animals 
sre  capable ;  and  Ruber's  delightful  works  on  bees 
and  ants,  mid  Kirby  and  Spence's  £ntomoI(^, 
contain  many  examples  of  this  kind ;  but  still  tliese 
powers  are  complete  at  first,  and  depend  in  no 
degree,  as  in  man,  on  the  operations  of  experience. 
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HAltniET. 

It  is  pleasing,  In  contemplating  animals,  to  c 
sider  them  as  having  discriminatiun  anil  inte 
gence.  The  dog,  which  is  our  companion, 
the  horse,  which  contributes  in  so  many  % 
our  gratification,  would  not  be  half  so  interestti 
and  amiable,  if  we  did  not  consider  them  cap^ 
of  attachment,  and  having  sometliing  of  our  o 
feelings  in  them. 

There  is  an  interesting  anecdote,  mentioned  bj 
Holcrofi  in  his  Memoirs,  of  the  attachment  n-hi(^ 
race  horses  sometimes  have  to  the  boys  who  tale 
care  of  them.  These  boj^  (and  Holcroft  i 
early  in  life  one  of  them),  sonietiraes  fall  asleepfl 
the  stalls,  from  fotiguej  and  in  such  cases,  l' 
horses  will  not  lie  down  for  fear  of  injuring  thei 
and  you  know  that  our  old  chesnut  is  so  fond  j 
the  stable  cat,  that  he  will  take  her  up  i 
mouth  without  hurting  her ;  and  she  is  continual 
lying  upon  his  back  as  a  place  of  ease  and  cod! 
fort. 

CHASLE3. 

What  do   you  think  of  Locke's  story  of  I 
speaking  parrot,  or  rather  Sir  William  7''empl^H 
as  quoted  by  Locke  ? 

L-...  ^. 

That  the  parrot  was  certainly  a  very  conversaW 


animal,  and  much  cleverer  than  either  Leibnitz's 
dog,  or  the  most  learned  of  the  learned  pigs. 

SOPHIA. 

I  should  be  curious  to  hear  something  of  this 
extraordinary  animal. 

CHARLES. 

It  was  a  parrot  which  Prince  Maurice  saw  at 
tinuil  130  years  ago,  that  spoke,  and  asked,  and 
answered  common  questions  like  a  reasonable 
creature.  The  prince  conversed  by  means  of  an 
interpreter,  as  ilie  parrot  could  only  speak  Bra- 
xttian.  The  prince  asked  him  at  his  celebrated 
interview,  where  lie  came  from.  He  answered, 
"  From  Marinnan."  "Who  do  you  belong  to?" 
"  To  a  Portiigueze,"  "  What  do  you  do  there  ?" 
"  I  look  after  the  chickens."  The  prince  laughed. 
Hod  said,  "  You  look  after  the  chickens?"  "Yes, 
and  I  know  very  well  how  to  do  it;"  making  a 
chuckle  four  or  five  times,  as  people  do  who  cull 
poultry  to  them.  The  prince's  chaplain,  who  was 
present,  could  never  ijoar  the  siglit  of  a  parrot  after- 
wards, for  he  thought  they  uU  had  a  devil  in  them. 

HARRIET. 

"  And  what  was  the  story  of  Leibnitz's  dog  ?    ' 

DR.  A. 

L  This  was  an  animal  that  was  taught  ell  the  let- 
s  of  the  alphabet  except  m,  n,  and  x  ;  and  would 

VOL.  II.  G 
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repeat  them,  Qnd  about  thirty  words,  including 
The,  Cnffii,  Chocolat,  Assenibl^e,  after  his  master, 
a  German  peasant,  who  liad  employed  several 
years  m  giving  him  these  accomplish roents.  It  is 
difficult  to  conceive,  however,  that  the  organs  of  a 
d(^  could  admit  of  sucli  appropriation ;  and  Mr. 
Steward  is  therefore  of  opinion,  that  it  was  by 
means  of  a  species  of  ventrilorjuism  on  the  part  ol 
the  master,  that  the  public,  and  Leibnitz  aniong 
the  rest,  were  imposed  upon  Jn  this  instance. 

It  has  been  said  that  monkeys,  when  tliey  lime 
lost  their  teeth,  have  learnt  to  crack  nuts  with  a 
stone  ;  and  an  elephant  at  Exeter  'Change,  when 
a  shilling  was  placed  near  n  partition,  but  beyond 
the  reach  of  the  animal's  trunk,  blew  hard  against 
the  partition,  so  as  to  bring  the  shilling  witliin  ib 
grasp.  You  have  all  heard  of  the  monkey  thai 
made  use  of  the  cat's  paw  to  reach  the  roasting 
chesnuts ;  and  a  story  is  told  by  a  French  philo- 
sopher, of  a  monkey  tliat  was  chained  so  a 
be  able  to  reach  some  nuts  of  which  it  was  v 
fond,  that  snatched  a  napkin  from  a  sen,'ant  wU 
was  passing,  and  made  use  of  it  to  draw  the  nuts  U 
him.  He  broke  them  by  letting  a  stone  fall  o 
them ;  and  once  when  the  weather  was  wet,  i 
the  nuts  sunk  into  the  ground,  he  accomplished  h 
purpose  by  placing  a  tile  under  them. 

Notwithstanding,  however,  the  sagacity  whid 
has  been  exhibit^  by  various  animals,  the  fiicS 


lity  witli  whicb  they  may  occasionally  be  taught, 
and  the  power  of  accommodation  which  they  can 
sometimes  exercise,  yet  the  most  sagacious  of  tlieni. 
the  monkey,  has  never  been  known  to  keep  up  a 
fire,  the  warmth  of  which  it  enjoyed,  by  throwing 
a  faggot  upon  it;  nor  the  dog,  though  the  witness 
and  partaker  of  our  cookery,  to  broil  a  single  por- 
tion of  raw  meal. 


CONVERSATION  XIV. 

OF    THE    PBEPABATION    OF   THH    FOOD, 


It  is  now  my  imention  to  give  you  some  informa- 
tion with  regard  to  the  mode  in  which  the  animal 
body  is  nourished,  and  you  will  find  that  a  vei 
extended  and  important  system  of  orgnns  is  d 
voted  to  this  object.  The  functions  of  circulation 
and  of  respiration,  I  iray  observe  to  you,  are  c 
ried  on  by  means  of  organs  situated  in  a  cavirpl 
which  is  called  (he  chest,  or  thorax ;  and  thai 
which  are  concerned  in  the  preparation  of  in 
food,  and  in  nutrition,  in  a  cavity  beneath,  callq 
llie  cavity  of  the  abdomen.  Tlie  chest  is  occupicj 
principally  by  the  heart,  and  the  lungs;  the  abdJ 
men  by  the  stomach,  tlie  intestines,  the  liver,  lli 
!ipleen,  and  the  pancreas  or  sweetbread.  Thei 
two  cavities,  or  bags,  are  separated  by  a  partitiot 
called  the  diaphragm,  or  midriff,  which  is  partly  t 
a  fleshy,  and  partly  of  a  membranous  nature,  ani 
readily  gives  way,  by  its  Inxit}',  to  the  alternate  eic- • 
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pansion  and  contraction  of  the  chest  in  the  action  of 
breathing,  to  which  its  muscular  power  eminently 
contributei.  ITie  stomach  is  the  first  of  the 
organs  connected  with  digestion ;  but  previously 
to  saying  any  thing  of  Its  nature  or  functions,  it  is 
necessary  to  state  to  you  how  the  food  is  prepared 
for  being  taken  into  it.  The  stomach  is  connected 
with  the  mouth  by  means  of  a  long  tube,  which  is 
called  the  oesophagus,  or  gullet,  and  receives 
the  food  from  the  mouth ;  but  the  6rst  action  In 
which  the  food  is  subject  is  mastication,  or  chew- 
ing, and  for  this  purpose,  man,  and  most  other 
animals,  are  provided  with  teeth,  which  difler 
in  their  nature  according  to  the  habits  of  the 
animal,  and  the  particular  description  of  foml 
which  is  Intended  to  nourish  it.  The  subject  of 
the  teeth  requires  particular  elucidation,  and  will 
tbrm  the  business  of  our  present  meeting. 


But  have  all  animals  not  teeth  ?  I  should  have 
lught  that  the  dividing  of  food,  which  is  requi- 

with   us,   would   be  etjually   so   wUh   other 

lals. 


With  other  animals  using   the  some  kind  ot 
food  it  is  so;  but  then  we  shall  see  that   when 
;iire  has  not  given  teeih  fit  for  grinding,  she  ha> 
tier  resources  in  the  stomach  itself,  for  that  sort 
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of  preparation  which  it  is  necessary  that  the  (aoi 
should  undergo,  previous  to  digestion.  Bip 
for  example,  liave  not  leeth ;  and  with  varii 
other  animals,  as  fish  and  serpents,  the  teeth  se 
to  be  only  adapted  to  pre^-ent  prey  from  escapii 
which  is  swallowed  whole. 


I  cannot  conceive  how  an  animal,  swnlloi 
whole,  can  ever  become  adapted  to  nourish ; 
with  U5  digestion  would   be  impeded,   I  shoM 
think,  if  we  were  not  to  employ  our  teeth. 


And  yet  you  may  have  heard  of  bolting,  which. 
is  employed  In  some  parts  of  England,  especial)^ 
when  the  more  rancid  and  fat  meat  is  employed 
To  bolt  bacon,  it  is  said,  is  one  of  the  requisites  d 
a  farmer's  servant  in  Yorkshire.  I  have  alreadj 
however,  mentioned,  that  the  power  exercised  faj 
the  stomach,  is  connected  with  the  greater  or  lei 
preparation  which  the  animal  is  able  to  ^ve  to  tli 
food  previous  to  its  introduction ;  and  of  this 
shall  have  occasion  to  give  you  examples,  when  o 
the  subject  of  digestion, — The  nature  of  the  t< 
depends  on  the  nature  of  the  food  which  tbi 
animal  is  intended  to  employ ;  namely,  whether  i 
is  animal,  vegetable,  or  of  a  mixed  nature.  Ant 
male  which  live  upon  animal  food  are  called  c 
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iiivorous;  those  which  live  upon  vegetable  I'ood 
are  called  graminivorous  j  and  those  which  live 
on  both,  or  either,  are  omnivorous,  a  term  exceed- 
ingly well  adapted  to  man,  who  is  to  be  reckoned 
among  the  most  luxurious  of  this  class.  By  the 
inspection  of  the  leeth,  we  are  therefore  able  to 
form  an  opinion  as  to  some  of  tlie  most  material 
habits  of  an  animal. — The  teeth  which  first 
exhibit  themselves  are  called  milk,  deciduous,  or 
temporary,  from  tlieir  being  intended  to  continue 
only  a  few  years,  and  then  to  be  parted  with, 
Tliose  which  supply  their  places  when  they  are 
shed,  or  wliich  appear  later,  and  are  not  shed  ai 
all,  are  termed  permanent. 

The  teeth  in  man  are  composed  of  two  pai'ts ;  \i 
bony,  which  constitutes  the  body  of  the  tooth,  and 
is  in  nature  very  similar  to  real  bone;  and  n 
bright,  smooth,  thin  external  covering,  called  the 
enamel.  The  part  which  is  out  of  the  jaw  is  called 
the  crown  and  neck ;  while  the  fangs,  or  roots, 
are  planted  deep  in  the  jaw.  There  is  a  small 
cavity  in  the  body  of  die  tooth,  which  descends 
in  the  form  of  a  small  tube  into  the  fangs,  and 
contains  the  vessels  and  nerves  which  were  em- 
ployed in  the  original  formation,  and  subsequently 
in  the  nutrition  of  the  tooth.  In  the  vertical  sec- 
tion which  1  now  show  you  of  a  tooth  with  two 
roots,  A  is  intended  to  represent  the  enamel  of  thc 

ti  the  bony  part,  or  body ;  and  c  the  cavity, 


extending  into  the  fangs,  and  apparent  in  a  sm 
hole  at  the  points  of  each. 


But  is  not  this  the  mode  on  which  all  teeth  < 
formed  ? 

DR,  A. 

The  other  omnivorous  ntiimals  have  teeth  of  ^ 
sicDilor  structure ;  and  such  is  likewise  the  caii 
with  the  caniEvorous;  but  in  the  graminivoroui 
the  enamel  descends  into  the  body  of  the  tooth 
and  by  forming  several  perpendicular  layers,  efe 
ables  the  tooth  to  re'^ist,  much  more  than  it  wou] 
do  if  made  of  bone  merely  covered  with  enamc 
the  attrition  necessary  in  mastication ;  for  the  e 
amel  would  soon  be  worn  off,  and  then  that 
would  only  be  the  softer  substance  of  the  tool] 
remaining. 

CHARLES. 

I  see  that  we  are  able  to  distinguish  betwec 
the  teeth  of  the  graminivorous  animal,  and  thot 
of  the  otiier  two  descriptions,  by  the  enamel  covei 
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irig  die  leeth,  or  descendbg  into  the  body  of 
ihcm ;  but  iire  there  differences  likewise  between 
those   of  the   carnivorous    and   the    omnivorous 


III  comivorous  animals,  the  teeth  all  fit  into 
each  otiier  very  nicely,  when  brought  into  con- 
tact ;  whereas,  in  the  omnivorous,  there  is  u  cer- 
tain latitude  of  motion  admitted,  for  the  operntion 
of  grinding  the  food. — Tlie  tempoiary  teeth,  in 
the  human  race,  are  20  in  number,  and  are 
divided  into  three  kinds ;  the  front,  incisores,  or 
cutting  teeth,  of  which  there  arc  8,  namely,  4  in 
each  jaw ;  the  canine  teetti,  dog  teeth,  or  cuspiduti, 
which  are  4  ui  number,  one  on  each  side  of  the 
incisores,  and  are  of  a  pointed  or  conical  form ; 
and  the  grinders  or  molares,  from  mola,  ii  milt, 
which  amount  to  8,  being  2  back  teeth,  above  anil 
below,  on  each  side.  'T\k  permmient  teeth  are  32 
in  number.  Tliere  are,  as  in  the  temporary,  » 
incisoi-es,  and  4  cuspidati ;  2  bicuspidnii,  or  tno- 
|K>inicd,  next  to  the  cuspidati'  on  each  side, 
amounting  to  8 ;  and  S  molares  on  each  side, 
above  and  below,  making  12,  of  which  the  4 
hinderniost  are  denominated  denies  sapientlie,  or 
li  of  wisdom,  from  their  not  appearing  till  nduli 


•  But  bow  does  it  happen  that  there  is  occaiJan 
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for  two  sets  of  teeth ;  and  that  the  number  whicfc 
we  have  in  the  second  set  is  greater  than  that 
the  first  ?     1  thought  that  where  a  tooth  was 
we  merely  gained  another  in  its  place. 

DIl.  A. 

There  is  a  very  great  disproportion  between 
magnitude   of  the  jaw  in  the  young  and  adotl 
and  as  the  teeth,  trotn  their  nature  and  mode 
growth,  do  not  admit  of  any  increase  of  size, 
was  necessary,  wlien  the  jaw  became  larger,  \} 
a  supply  of  larger  teeth  should  be  giver 
a  second  set  was  afforded.     But  still  this  was  i 
sufficient  for  filling  up  the  lengthened  jaw ;  and 
youth  advanced,  some  teetli  were  therefore  p] 
vided  far  back,  which  did  not  exist  in  early  111 
the  last  supply  of  which,  in  the  wisdom  teeth,  d( 
not,  as  I  have  already  slated  to  you,  take  placet! 
adult  age,  some  time  after  all  growth  in  the  jaffl 
has  terminated. 

CHARLES. 

I  should  be  very  curious  to  know  from  you,  tl 
particular  periods  at  which  we  obtain,  lose,  ai 
regain  our  various  teeth;  for  I  presume  there 
an  established  law  of  nature  with  regard  to  i 
those  processes. 

Dtt.  A. 

When  about  seven  months  old,  a  child  gels  t 
two  first  lower  front  or  incisor  teeth ;  and  in  a  fi 
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weeks  subsequently,  ttie  two  corresponding  upper 
ones.  Alter  a  lapse  of  a  few  weeks  more,  the 
lateral  incisors  appear,  sometimes  the  lower  first, 
and  sometimes  the  upper.  Within  the  first  year, 
a  child  tlierefore  gets  eight  t^eth,  four  below,  and 
four  above.  At  the  end  of  the  first  year,  or  be- 
giiming  of  tlie  second,  the  first  grinder  appears 
on  each  side  above  and  below ;  and  not  till  some 
time  afterwards  do  the  canine  teeth  show  them- 
selves, though  they  are  next  to  the  incisors,  and 
might  be  expected  to  follow  them.  About  the 
end  of  the  second  year,  or  beginning  of  the  third, 
the  second  grinder  on  each  side,  above  and  below, 
emerge  from  the  gum,  and  this  completes  the 
20  first  or  deciduous  teeth  which  we  possess. 

About  the  age  of  six  or  seven,  the  two  lower 
incisors  are  shed;  and  then  follow,  after  some 
time,  the  two  upper,  whose  places  are  supplied  hy 
permanent  teeth,  which  soon  appear  above  tJic 
gum.  The  lateral  incisors  are  next  displaced, 
which  are  renewed  in  a  similar  way:  dien  Uie 
temporary  molares,  and  last  of  all  the  canine, 
about  the  age  of  eight  or  nine,  which  are  supplied 
at  irregular  )ieriods  afterwards.  But  in  tlie  nteiiii 
time,  the  first  permanent  grinder  has  shown  itsell 
about  the  seventh  year;  and  in  the  renewal  of  the  de- 
ciduous teeUi,  the  permanent  Ibllow  tlie  shapes  and 
designation  of  tliose  which  they  succeed,  with  the 
axception  of  the  two  temporary  motares,  which  have 


1 
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tlie  two  permanent  bicuspid  or  two  pointed  subsd- 
tuted  for  them;  the  Inst  of  winch,  however,  does  not 
appear  till  the  lOth  or  Uth  year.  By  tliat  tiin^ 
or  a  little  sub5equentty,  therefore,  the  child  bast 
renewal  of  all  the  20  deciduous  teeth ;  nnd  to  theab 
have  been  added,  as  I  have  already  meQlioned^ 
about  the  seventh  year,  the  first  permanent  grbidcE. 
The  second  permanent  grinder  does  not  follow  uS 
about  the  12th  or  IMh  year,  and  the  wisdom  teedl 
complete  the  number,  about  the  20th  or  2Isty 
and  after  the  jaw  has  acquired  its  full  magnitude, 
must  be  observed,  however,  that  there  are  nuanj 
varieties  in  the  particular  order  and  period  i 
which  teetli  eitlier  shed  themselves  originally,  or 
are  shed  or  renewed. 


It  appears,  therefore,  that  when  that  part  of  tlM 
jaw  which  contains  the  temporarj-  teeth  become 
too  large  for  them,  other  teeth  are  supplied  of 
larger  description,  which  are  permanent ;  that  iti 
back  part  of  the  jaw,  which  originally  had 
teeth  in  it,  becomes  lengthened  with  the 
of  years ;  and  that  in  order  to  supply  the  vaci 
space  which  such  increase  of  length  would 
sion,  new  teeth  are  ofl'orded  in  ]iroportion  to  tit 
increased  length  which  the  jaw  obtains ;  and  thi 
finally  the  space  is  filled  up  by  the  tooth  of  wisdon 
when  the  full  length  has  been  obtained. 
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This  is  precisely  the  cnsc ;  and  we  shall  find, 
when  I  mention  to  you  the  mode  in  which  the 
Ibrmntion  of  the  teeth  takes  place,  that  this  plan 
is  admirably  adapted  to  the  object  in  view.  The 
carnivorous  and  omnivorous  animals  have  teeth  of 
a  similar  kind ;  but  it  Is  to  be  observed,  that 
many  of  the  carnivorous  animals  are  beasts  of 
prey,  and  that  their  teeth  are  part  of  their  natural 
weapons  of  attack.  The  tusks  or  canine  (ceth, 
arc,  in  such  animals,  and  indeed  in  some  others, 
as  the  hog,  very  formidable  instruments  of  of- 
fence; and,  when  conjoined  with  the  sharpness 
and  strength  ol"  the  claws,  ihey  render  many 
animals  of  the  cat  kind,  as  lions,  tigers,  leopartls, 
Sec,  very  terrific  foes. 


f  The  graminivorous  animals  seem  to  have  tlic 
I}eculiarity  of  teeth  which  you  mention  as  belong- 
ing to  them,  in  order  tlic  belter  to  fit  them  for 
using  that  kind  of  food  which  is  intended  for 
them,  and  which  requires  a  great  deal  of  grinding; 
but  their  front  teeth,  I  should  imagine,  like  ours, 
iolely  intended  for  cutting,  and,  therefore,  do 
K>t  require  any  particular  extra  provision. 


The  front  teeth,  or  incisors,  have  not  i 


';'^'  A" ass,  i.ave  t/u.,,, 
^''^■«-- teeth  covers  d.  '"' 

i:7  ^«  horses,  whtTd:  H 
»°'"es  a,^  emplovedT 

"cscnptioiis  of  tepf I.    :      .     "'^ 

bribed  as  lw.J       •''""'«  w 
'•een;  ami   r    "  ""°  '''^o  subs 

'  '^?  This    is     thp    .  n""-   '^^ 
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CHARLES. 

I  wish  that  I  knew  a  little  more  obout  the  marks 
of  mouth  in  ahorse;  and,  perhaps,  you  can  give 
some  information  on  this  subject,  which  I  hope 
the  girls  will  excuse. 


I  think  I  am  enough  of  a  jockey  to  tell  you  all 
tfiat  is  principally  worth  knowing  on  the  subject. 
It  is  not  alone  by  the  marks  on  the  teeth  of  horses 
tiiat  tbeir  ages  are  judged  of,  but  by  the  numbcr 
•nd  description  of  the  teeth  which  they  possess; 
and  which,  in  cattle  and  sheep,  likewise  aSbrd  to 
graziers  the  means  of  determining  the  ages  of  those 
animals.  The  horse  has  forty  teeth,  viz.  12  front 
teeth,  sbc  above,  and  six  below,  which  are  called 
incisors  or  nippers ;  twenty  form  molores  or 
grinders,  six  on  each  side,  above  and  below ; 
to  which  are  to  be  added,  four  canine  teeth  or 
tushes,  one  above  and  one  below  on  each  side, 
Hrhich  are  generally  wanting  in  the  mare.  From 
,8^  ypars  old  to  three,  a  horse  sheds  the  two  middle 
iteeth  of  the  lower  jaw,  and  the  corresponding 
teeth  of  the  upper.  From  3}  years  old  to  four, 
lie  shells  the  two  next  in  both  jaws.  From  tj  to 
,five,  he  sheds  the  two  outermost  front  teeth  in 
each  jaw ;  and  at  the  same  time  the  canine  teelb, 
et  tushes,  make  their  appearance.  From  five  years 
old  to  seven,  tlie  age  is  judged  of  by  the  appear- 
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Bnce  of  tlie  cavity  in  the  front  teeth,  as  you  have 
already  noticed.  The  two  middle  lower  teetli, 
which  arc  lost  first,  and  are,  liierefore,  removed 
earliest,  have  this  cavity  soonest  worn  down ;  and 
at  five  years  old,  the  bhtck  marks  in  them  have 
nearly  disappeared.  At  six  the  same  has  happened 
to  the  two  next  leelh ;  and  from  seven  to  eight  yeart 
old,  the  marks  in  the  two  corner  teeth  are  worn 
down,  BO  that  all  power  of  discriminniing  the  age 
of  a  horse,  ns  far  as  the  lower  front  teeth  are  con- 
cerned, is  lost.  At  the  same  lime  the  tushes  alter 
their  shape,  and  become  round,  or  convex  next  to 
the  tongue,  instead  of  being  concave.  After  the 
age  of  eight,  we  look  to  the  uiijier  teeth,  and  to 
some  other  circumstances,  for  judging  ofthe  age  of 
horses ;  for  the  upper  teeth  are  not  worn  down  so 
soon  as  the  lower.  At  eight,  the  cavities  of  the 
two  middle  upper  teeth  disappear;  at  10,  those  of 
the  two  next;  and  at  la,  those  of  ihe  corner,  or 
outermost.  Aged  horses  lose  the  transverse  ridges 
which  are  so  prominent  on  the  roof  of  the  mouth' 
of  the  young,  and  whicli  gradually  become  flatter 
and  more  level,  ns  they  advance  in  life.  Tlie  eytt' 
likewise  become  more  sunken,  the  eyelids  lean  and' 
wrinkled,  and  the  cavity  above  ilie  ej-e  more  ho^ 
low.  Grey  hairs  shoot  out  upon  the  forehead, 
and  lower  part  of  the  mouth ;  the  lips  become  lean 
and  shriveled;  the  lower  lip  hangs  much  belanr 
the  upper  ;  and  the  cars  drop  laterally. 
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CHARLES. 

Are  iliere  no  means  of  discovering  the  deception 
which  dealers  practise  on  the  teeth  of  horses,  lu 
make  them  appear  witliin  mark  of  mouth  ? 

DR.  A. 

A  little  observation  will  enable  a  [lerson  to 
detect  the  fraud;  for  in  a  youn^  horse  the  I'ront 
teeth  meet  perpendicularly;  while,  as  he  grows 
older,  the  teeth  take  a  more  horizontal  direction ; 
the  upper  teeth  projecting  over  the  low^r  ones, 
and  the  upper  corner  tooth  forming  a  curve 
over  the  lower  corner  tooth.  Furrows  hkewise 
appear  on  their  front  surface,  and  their  colour 
becomes  yellow  and  opake. — As  a  horse  at  five 
years  old  is  more  saleable  than  oue  at  four, 
attempts  are  sometimes  made  to  give  a  horse  of 
four,  the  appearance  of  being  five,  by  drawing  tlit 
outer  front  teeth  hi  each  jaw,  in  order  to  protrude 
the  new  teeth  prematurely.  It  may,  however, 
always  be  known  that  a  horse  has  not  attained  his 
fifth  year,  if  the  corner  teeth,  above  and  below, 
are  not  complete  In  their  size  and  appearance,  and 
the  marks  of  the  middle  teeth  do  not  begin  to  be 
obliterated. 

CHARLES. 

>  I  suppose  tlie  direction  of  [he  enamel  in  the 
eth  of  graminivorous  animals,  or  tlie  DUtnbers  of 
^  is  not  material  ? 
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DR.  A. 

It  does  not  appear  to  be  so ;  but  yet  there  u 
s  great  similailty  in  the  distributJoa  of  thb  si 
stance,  in  the  same  genera  of  animals,  as  indicsUi 
by  a  similar  waved  appeaiance  which  it  exhibil 
on  a  horizontal  section.  —  Tliere  is  a  very  cur 
tlidereiice  in  the  liisposition  of  the  enamel  i 
A&ican  and  Asiatic  elephant,  which  is  worth  yoo^ 
notice  and  recollection.  In  the  African,  it  a 
always  in  the  form  of  transverse  lozenges,  whidi 
touch  each  other  in  the  middle  of  the  toodljlj 
in  the  Asiatic,  in  the  form  of  transverse  Salte 
ovals;  and  this  dilfereoce  is  so  constant,  thatyofl 
may  always  know,  by  a  slight  inspection,  whetfa 
the  tooth  has  belonged  to  the  one  or  the  other  t^ 
these  species. 

SOPHIA. 

llut  is  not   ivory  the  product  of   elepbi 
teeth  ?     The  substance  is  uniform,  and  does  i 
present  the  differences  which  you  mention. 


I'he  ivory  is  furnished  by  the  tusks,  and  Dot  tl 
teeth  ;  and  these  former  are  planted  in  the  upj 
jaw,  and  are  of  the  largest  size  in  male  elephai 

CHARLES. 

I  recollect  once  seeing  a  ball  in  the  tusk  of  a 
elephant.      It  obtained   itii   position,   I   supp 
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during  tbe  growth  of  the  tusk,  and  while  its  ossific 
■natter  wqs  not  sufficiently  consolidated. 


Certainly,  for  a  ball  might  afterwards  break,  or 
otherwise  injure,  but  could  not  enter  Into  a  iirm 
tusk. 

hahrtet. 

One  would  suppose,  from  the  appearance  of 
teeth)  that  they  were  an  insensible  mass ;  and  yet 
they  must  be  plentifully  supplied  with  nerves,  as 
there  is  so  much  suffering  in  tliem. 


They  are  destined  to  be  terrible  plagues  to 
ikind ;  for  they  are  obtained  with  suffering  in 
iafiuicy,  and  are  frequently  productive  of  great 
distress  in  after  life;  and  though  Uiey  exhibit  no 
particular  senUbility  in  ordinary  circumstances, 
yet,  when  the  substance  of  the  tooth  becomes  de- 
cayed, and  in  particular  when  the  nerve  becomes 
b^  this  means  exposed  to  the  air,  intolerable  pain 
fc  produced. 

^  HARRIET. 

I  ha**  often  wished  thai  the  leeth  were  totally 
insensible ;  and,  indeed,  I  do  not  exactly  see  why 
so  extreme  a  sensibility  should  be  given  to  parts, 
ikich  are  merely  intended  to  act  as  solid  bodies. 
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,  You  must  recollect  what  I  remarked  relatii 
to  the  structure  und  growth  of  boties,  la  order  I 
be  convinced  that  an  organisation  of  nerve  a 
blood-vessel  is  necessary  for  their  production,  ■ 
well  as  for  preserving  them  in  health.  The  si 
is  the  case  with  the  teeth ;  but  the  vitality  of  tl 
latter,  if  we  may  so  term  it,  does  not  seem  to  h 
so  active  as  tlmt  of  ordinarj'  bone,  which  j 
ss  I  hove  already  explained  to  yon,  a  principle  t 
reparnlion  of  which  the  leeth  are  destittite.  T 
formation  of  the  teeth  is  an  example  of  an  in: 
resting  process  in  the  animal  economy,  very  i 
atogouK  to  the  formation  of  bone.  Before  t 
jaw  is  thoroughly  ossified,  several  little  bagu,  i 
membranes,  are  discoverable  in  it,  which  adbl 
firmly  to  tlie  gum,  and  are  supplied  libc 
■  with  blood-vessels.  Into  these  little 
blood-vessels  throw  a  portion  of  pulp,  or  jeH] 
which  is  intended  to  form  the  future  tooth, 
first  there  are  no  sockeU,  but  the  edge  of  tbejul 
shoots  out  bony  fibres,  which  form  them.  Bm 
matter,  in  time,  is  thrown  out  on  different  parts  i 
tliis  pulp,  generally  answering  to  the  number  4 
prominences,  and  forming  either  one,  or  seven 
small  elastic  shells,  which  gradually  unite/lto  as) 
produce  one  solid  mass.  An  elongation  ofpd 
forms  the  material  for  the  formation  of  the  root! 
and  in  proportion  as  this  de|X)siltun,  and  its  ossif 
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cation  takes  plnce,  ihe  body  of  Uie  loolh  rises  in  the 
socket,  till,  liy  pressure  on  llie  gum,  it  wastes  it, 
and  the  tooth  begins  to  appear  in  the  mouth. 

GOPHIA. 

So  that,  in  fact,  it  is  by  the  growth  of  the  part 
beneath  that  the  tootli  is  forced  up  ;  but  does  the 
membrane  ri.se  up  with  it,  for  I  never  heard  of  a 
tooth  being  covered  witli  a  membrane  'i 


As  soon  as  the  body  of  the  looth  is  formed, 
there  b  no  Turlher  occasion  for  a  secretion  of  bony 
matter  from  the  upper  part  of  ihc  membrane ;  for 
you  will  observe,  that  in  the  lower  part,  or  ihe 
roots  of  the  tootli,  the  membrane  is  carrying  on  its 
secreting  operation,  long  after  it  has  ceased  to  do 
so  above.  A.S  soon,  tlicrefore,  as  the  ossific  process 
is  completed  in  the  body  of  the  tooili,  tlie  mem- 
brane changes  the  nuture  of  its  secretion,  and 
covers  all  that  portion  which  is  intended  lu  be 
exposed,  with  a  soil  and  moist  deposit,  which 
graduully  hardens,  and  forms  the  firm  and  inde- 
structable  substance  called  the  enamel.  The  invest- 
ing  membrane  having  thus  completed  its  hjnction, 
is  wasted,  and  separates ;  but  it  remains  perma- 
nently attached  lo  (he  roots  of  the  toodi,  and  when 
iflanied,  gives  the  sensation  of  the  tooth  being 
wgated. 
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HARRIET. 

Our  first  teeth  last  us  only  a  certain  time; 
seem  to  decoy  nwny  at  their  roots ;  and  t 
appears   to   linve  anticipated  tltis,  by  forming  ■ 
second  set  for  the  purpose  of  supplying  tbein. 

DR.  A. 

You  will  find  that  this  decay  is  onlv 
pearaiice;  and  that  the  two  processes  ^ 
the  new  (ootli,  and  removing  the  old  0114 
the  same  time. 


I  cannot  understand  how  this  can  be  the  c 


When  the  rudiments  of  the  temporary  teeth  ■( 
pretty  far  advanced,  the  upper  part  of  tJie  o 
membrane  sends  off  a  new  snc,  or   bag,  to  t 
place  of  deposit  for  the  pulp  of  the  new  tooth, 
the  temporary  teeth  rise,    the   membrane  whid 
joins  the  two  sets  is  elongated,  and  in  time  I 
new  one  gets  a  socket  of  Its  own.     The  pre 
deposition  of  pulp  ;  its  ossification  In  various  p 
answering  to  the  future   prominences ,-  and  I 
secretion  of  enamel,  go  on,  in  succession,  in  onj 
to  prepare  the  second  set  for  taking  a  permai 
place  as  successors  to  the  first.     The  contiiu 
accession  mnde  to  the  roots  forces  up  the  body  C 
the  tooth,  which,  pressing  against  the  socket^  a 
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then  against  the  roots  of  the  first  set,  produces  an 
absorption  or  disappearance  of  them;  till,  in  time, 
the  old  tooth,  being  held  only  by  the  gum,  drops 
out  with  a  very  little  force.  In  tiie  sketch  which 
I  now  show  you,  A  represents  the  sac  containing 
the  milit,  or  temporary  tooth;  u  the  sac  of  the 
permanent  tooth  attached  to  the  sac  of  the  milk 
tooth ;  c  an  incisor  tooth  above  the  gum,  with 
its  root  unabsnrbed,  and  a  vacant  space  at  its  side, 
Irom  which  another  incisor  ha^  fallen  ;  i>  a  perma- 
nent tooth,  rising  up  to  supply  the  place  of  the 
temporary  one  which  has  been  lost ;  E  the  spongy 
part  of  the  jaw. 


But  in  what  way  can  mere  pressure  produce 
disappearance  or  absorption  of  the  roots  of 
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This  is  a  very  usual  effect  of  pressure,  anti 
no  incnns  a  solitary  example  In  the  animal  a 
iiomy,  as  1  mentioned  when  we  were  on  the  subji 
ofltie  bones.  Tumours,  for  instance,  which 
slowly,  and  particularly  that  species  which 
nneuiisni,  will,  by  contiiuied  and  increasing  pi 
sure,  oflen  produce  a  gradual  disappearance 
contiguous  bones;  such,  lor  example,  as  the  br< 
bone,  wlien  the  aneurism  happens  to  lie  in 
chest,  and  immediately  under  it. 


HARRIET. 

But  we  sometimes  observe  that  people  bai 
very  irregular  teeth,  and  that  the  new  ones  hai 
not  grown  exactly  below  the  Others :  woidd  th 
process  of  absorption  be  interrupted  in  such 
case,  and  should  we  lind  ihc  old  ones  with  roolb 
instead  of  being  half  eaten  away,  as  they  appear  t 
be  when  they  quit  the  gimi  ? 


Under  such  circumstances  it  is  often  prudent  1 
extract  the  old  tooth,  in  order  to  make  room  t 
the  new  one;  and  then  the  root  is  frequent] 
found  either  whole,  or  partially  only  absorb^ 
because  the  necessary  pressure  against  it  ha 
either  l>een  wholly,  or  in  part  wanting. 
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SOPHIA. 

This  is  really  &  very  beautiful  provision  of  na- 
ture; but  it  is  a  great  pity  that  there  is  not  a 
greater  provision  of  those  useful  little  bugs  of  pulp, 
by  means  of  which  the  teeth  might  be  restored 
after  they  are  lost. 

DR.  A. 

Perhaps  you  might  likewise  wish,  that  nature 
had  dispensed  to  mankind  a  longer  protraction  of 
existence,  and  thus  altered  her  original  designs. 
It  does  happen,  however,  that  in  some  very  rare 
instances,  old  people  have  unexpectedly  got  new 
teelli  in  advanced  life,  which  must  have  arisen 
from  an  additional  sac  having  originally  existed, 
or  been  formed  under  peculiar  circumstances, 

In  another  sketch,  you  will  see  the  appearance 
of  one  side  of  the  lower  jaw,  when  all  the  five 
temporary  teeth  have  arisen  above  the  gtim  ;  and 
below  these  teeth  you  may  observe  the  permanent 
ones,  which  are  preparing  to  supply  their  placet. 
A  permanent  moloris  is  far  advanced,  and  is  ready 
to  take  Its  position  among  the  other  teeth;  and 
the  other  molares,  as  I  have  already  stated,  appear 
in  succession,  up  to  the  wisdom-tooth,  in  pro- 
portion as  the  jaw  becomes  sufficiently  elongated 
to  receive  them. 
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HARRIET. 

You  mentioned  the  shedding  of  teeth  in  hots 
cattle,  and  sheep  ;  and  I  suppose  the  same  circunl 
stance  takes  place  in  other  aniinals. 

DR.  A. 

In  most  animals  a  part  of  the  teeth  is  shedi 
aiid  for  the  same  reason  as  in  man ;  namely,  ihid 
the  original  ones,  which  are  adapted  to  a  sniol 
jaw,  will  not  do  for  a  large  one ;  and  as  the  teed 
cannot  grow,  after  they  are  fully  formed,  a  new  si 
became  necessary  for  the  enlarged  space  whid 
they  were  to  fill. 

CHARLES. 

The  circumstances  which  yon  describe,  as  s 
taching'to  tlie  formation  of  tlie  teeth  in  man,  api^ 
of  course  to  other  animals ;  but  I  am  curious  t| 
know  how  the  enamel  is  diffused  through  the  bo^] 
pf  the  tooth  in  graminivorous  animals. 


Animals  of  this  kind  have,  like  the  carnivorous 
and  omnivorous,  a  membrane,  or  sac,  ifl  which  the 
pulpy  matter  is  lodged  ;  but  this  membrane,  in- 
stead of  merely  surrounding  the  pulp,  doubles 
down  into  it,  in  several  places,  and  thus  divides 
it  into  several  portions,  or  compartments.  When 
ossification  is  completed  in  each  of  those  por- 
tions, the  membrane  assumes  its  new  office  of 
secreting  enamel,  which  it  deposits  against  the 
perpendicular  masses  of  bone.  A  very  httle  con- 
sideration will  ^bow  you,  tlmt  uhen  once  the 
upper  surface  is  worn  off,  an  appearance  of  alter- 
nate layers  of  bone  and  enamel  will  be  produced. 
But,  in  this  case,  it  will  be  seen,  that  a  small 
vacuily  is  apt  to  be  left  between  each  pillar  of 
ossified  substance.  When  this  occurs,  it  is  either 
filled  up  with  portions  of  food,  as  is  frequently 
the  case  in  the  ox  or  sheep,  or  with  sand  or  clay ; 
or  the  membrane  itself,  or  an  external  layer  of  it, 
secretes  a  sort  of  substance,  intermediate  between 
bone  and  enamel,  which  supplies  the  whole  of  the 
interstice.  This  has  been  called  the  petrotis  crust, 
and  occurs  in  almost  all  the  graminivorous  class 
of  rjuadrupeds.  It  does  not  exist  in  the  incisors  of 
ihe  horse,  and  hence  the  appearance  of  the  cavity, 
which,  till  it  is  worn  away,  sfTords  the  means  of 
inniuing  his  age. 

H  2 
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SOPHIA. 

Then,  in  fac^  we  may  conceive  the  ensmd  I 
dip  down  and  return  in  a  tooth,  very  much  I 
the  finger  of  a  glove  over  the  fingers. 


I 


Very  much  so ;  and  if  two  or  three  fingers  of  i 
hand]  with  a  glove  on,  are  placed  together,  they 
may  rejiresent  the  grinding  teeth,  before  they  arc 
worn  by  mastication.      If  you  cut  off  the  ends  of  the 
glove,  and  leave  the  fingers  exposed,  tlie  fiugeis 
may   then,  in  a  rough  way,   designate  the 
part  of  the  tooth,  and  the  glove  between  them, 
enamel  descending  into  its  substance.    The  enam 
between  the  different  processes  of  the  tooth  will  I 
double,  just  as  the  glove  is,  between  two  particuli 
fingers;   and    between  the  doublings,    either  tl 
petrous  crust,  which  I  have  mentioned,  or  portloi 
of  extraneous  matter,  may  obviously  be  admittd 
— There  is  a  very  curious  circumstance  which 
must  notice  to  you  relative  to  the  teeth  of  the  eli 
phant.     In  this   animal,  the  enamel,  as   I 
already  observed  to  you,  descends  into  the  body 
the  tooth ;  but  the  grinders  are  so  soon  destroy) 
by   attrition,   as   to  require  a  means  of  renew 
which  does  not  attach  to  the  other  descriptions  < 
graminivorous  teeth.     The  jaws  of  the  elephaU 
are  furnished  with  one  large  moss  of  tooth,  bar 
iu  tlie  front  and  exposed  part,  and  soil  and  pulp] 
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beh  ind.  As  soon  as  mastication  has  rubbed  away  the 
front  portion,  the  hinder  is  pushed  forward  by  the 
formation  of  pulp,  and  conversion  of  it  into  ossific 
matter,  at  the  same  time  that  the  fangs  of  the  part 
whose  body  is  rubbed  away  are  absorbed,  In  order 
to  make  way  for  the  protrusion  of  the  part  behind. 
The  elephant's  teeth  are,  therefore,  in  a  continual 
state  of  destruction  and  renewal. 

CHARLES. 

How  very  admirable  arc  the  resources  of  nature 
for  the  protection  and  comfort  of  animal  life.  I 
could  not  have  imagined,  till  you  favoured  us  with 
these  details,  that  teetli  could  afford  so  much  op- 
portunity for  the  exhibition  of  beautiful  design  and 
admirable  adaptation ;  but  Is  such  a  process  of  re- 
newal frecjuent  among  animals  ? 


Not  very  frequent.  A  similar  structure,  however) 
has  been  discovered  in  the  Ethiopian  hog;  but 
in  the  shark,  whose  teeth  are  spear-shaped  and 
very  sharp,  noticed  at  the  edges,  and  covered  with 
enamel,  several  ranges  of  them  are  formed,  and 
continually  Forming  in  the  jaw,  to  supply  such  as 
are  broken  or  turn  away.  The  same  is  tlie  case 
in  a  species  of  skate,  which  has  teeth  of  a  similar 
kind,  and  is  apt  to  have  them  injured,  by  breaking 
the  shells  of  lobsters,  crabs,  &c.  which  form  its 
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in  gnawiDg;  and  you  are  right  in  supposing,  that 
there  is  a  particular  provision,  by  which  the  sur- 
face, necessarily  worn  away  in  the  operation,  is 
supplied.  In  this  tribe  of  animals,  the  incisor 
leetli  have  their  fronts  only  covered  with  enamel, 
by  which  means  they  are  sharp,  and  are  adapted 
Tor  cutting  through  solid  wood ;  tor  the  other  part 
of  the  tooth,  consisting  of  the  common  softer  mate- 
rial, is  worn  away  by  attrition,  and  thus  leaves  the 
enamel  of  the  I'ront  projecting  and  sharp,  but  ne- 
cessarily in  a  continual  slate  of  destruction,  by  the 
ineto  which  it  is  constantly  appropriated.  Tliemode 
which  nature  adopts  fur  the  purpose  of  supplying  this 
daily  waste,  resembles,  in  some  degree,  that  which 
is  employed  in  the  grinders  of  the  elephant ;  for 
the  incisors,  instead  of  being  shed,  as  in  other  ani- 
nials,  have  tlie  origin  of  their  roots  at  a  considerable 
distance  in  the  jaw  ;  and  these  roots  being  supplied 
by  the  constant  augmentation  and  consolidatjon  of 
pulp,  the  boily  of  the  tooth  is  carried  forward, 
according  as  the  friction  has  worn  it  down.  You 
will  l)e  able  to  form  an  idea  of  this  curious  struc- 
ture, from  the  little  sketch  which  I  now  show  you 
of  the  incisor  in  the  squirrel;  in  which,  «  a  a  re- 
presents the  bony  part  of  the  incisor,  extending 
very  far  back  to  the  root  ot  die  process  of  the  jaw, 
and  covered  with  enamel  at  bb,-  while  cff  care 
ihe  grinders,  dthe  cavity  of  the  jaw  for  the  admis- 
r-essels,  and  g  the  angle  of  the  jaw. 
K  i 
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CHARLES. 

Is  any  thing  known  cottceming  the  chemical 
nature  of  the  hard  enamel  which  perfbrms  so  iow 
portant  a  part  in  the  animal  economy  ? 


Tlie  solid  part  of  bones,  teeth,  nod  enamel, 
consists  principally  of  phosphate  of  lime,  or  bone- 
earth,  united  with  a  small  portion  of  carbonate  of 
lime,  or  chalk.  This  solid  matter  is,  as  I  obserred 
when  wc  were  on  the  subject  of  the  bones',  capable 
of  being  removed  by  the  action  of  acids;  aind  thel 
in  the  case  of  bone  and  teeth,  it  leaves  a  considt 
able  portion  of  animal  matter,  in  which  the  h 
substance  was  included,  untouched.  By  the 
process,  however,  the  whole,  or  very  iieariy  I 
whole  of  the  substance  of  the  enamel  is  entlr 
dissolved.  It  is,  therefore,  to  the  almost  entii 
absence  of  animal  matter,  that  the  enamel  owes  il 
peculiar  character ;  and  it  seems  to  be  thrown  a 
on  the  substance  of  the  tooth,  in  a  state  nearly  £ 
for  assuming  the  crystallised  form  in  which  it  ajh 
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pears,  insteed  of  being  the  last  of  a  succession  of 
secretions,  as  is  the  case  with  bone.  This,  I  stateil 
to  you  ■,  was  preceded  by  jelly  and  cartilage ;  but 
though  these  substances  are  absorbed,  in  succes~ 
sioM,  in  the  formation  of  bone,  to  make  way  for 
tJic  hard  material  which  is  to  give  die  bone  or 
tooth  solidity,  yet  this  is  not  wholly  the  cose ;  lor 
you  may  recollect  that  boiling,  as  I  mentioned 
to  you,  will  dislodge  a  considerable  portion  ot 
animal  matter,  in  the  form  of  jelly,  and  leave  the 
solid,  or  earthy  part,  unaffected.  This  solid  mate- 
rial is,  to  all  appearance,  destitute  of  further  aniiiial 
matter ;  but  by  long  continued  boiling  under  high 
temperature,  as  by  the  use  of  Papin's  digester, 
(which  is  a  vessel  so  contriveil,  as  to  admit  the 
temperature  to  be  raised  much  above  the  boiling 
point,}  stiil  more  is  to  be  obtained,  which  is  found 
to  be  of  a  cartilaginous  nature,  and  is  what  remains 
of  the  second  constituent  of  bones,  to  form,  willi 
the  cellular  membrane,  n  frame-work,  and  jjer- 
manent  component  part  of  their  substances,  which 
is  so  firmly  adherent,  as  lo  have  sometimes  re- 
led  unaltered  for  centuries. 


■|Bin( 


CHARLES. 

Then,  in  fact,  as  bones  ore  in  a  continual  state 
of  change,  by  absorption  of  old  parts,  and  depo- 
■ition  of  new  ones,  there  must  be  a  continual  se- 

•  VoLI.  p.  116. 
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cretion  of  botli  jellj',  cartilage,  and  bone,  in  order 
lo  keep  up  the  relulive  proportions  of  each. 

DR.  A. 

This  must,  of  course,  be  the  case,  and  therefore 
Harriet's  idea,  of  the  probable   intermixture  ofj 
those  three  substances  in  the  composition  of  bon 
was  to  a  certain  decree  well  fotuided. 


ure  of  J 
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But  as  the  teeth  of  man,  and  most  other 
nuls,  when  ouce  formed,  are  destitute  of  the 
of  reparation,  is  there  any  reason  for  supposing, 
that  the  same  process  of  renewal  is  going  on  in 
theoi]  as  in  bone  ? 

DR.  A. 

There  has  been  a  good  deal  of  diifereace  at 
opinion  among  writers  of  the  best  authority  a 
the  subject  of  the  teeth,  as  lo  their  precise  natun 
some  regarding  them  merely  as  inorganic  bodia 
owing  llieir  sensibility  only  to  tlie  remains  ( 
nerves  In  the  cavity  designated  in  tlie  section  C 
the  tooth  which  I  showed  you ;  others  as  pos! 
ing  circulating  vessels,  and  the  ordinary 
panlments  of  common  bone.  The  evidence  i 
favour  of  their  vitality  is,  however,  very  g 
They  adhere  firmly  to  neighbouring  parts ; 
will  take  root  again,  if  put  in  their  places,  or  inH 
the  jaws  of  other  people,  as  soon  as  extraotat 
They  can  likewise  fix   themselves,  when  recent, 
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itw-  any  whimsical  place  to  which  they  may  be 
attached,  as  the  comb  of  a  cock,  if  its  ijuHace  be 
abraded.  Putting  aside  tlieir  sensibility,  which,  as 
I  have  just  mentioned,  has  been  referred  lo  the 
nerves  existing  in  the  cavity  of  the  tooth,  the 
fangs  of  Uie  first  set,  though  completely  sohdified, 
are  capable  of  being  absorbed  by  the  pressure  of 
those  of  the  second,  just  after  tlie  analogy  of  al>- 
soi-ption  ill  other  parts  of  the  Ixxiy.  The  circum- 
stance, however,  on  whidi  most  stress  has  been 
laid,  in  order  to  show  that  some  such  process  of 
absorption  and  renewal  as  that  concerning  which 
you  inquire,  goes  on  in  the  teeth,  tliough  with  loss 
force  than  in  bone,  and  with  much  modification 
from  the  decay  to  which  they  are  subject,  is,  that 
the  teeth,  as  well  as  the  bones  of  animals,  are 
c^>able  of  being  tinged  by  madder  given  to  thetn 
for  some  time  with  their  food;  and  that  this  colour 
disappears  in  a  sliort  period  after  the  madder  has 
been  discontinued.  —  I  mentioned  lo  you  that  boil- 
ing will  withdraw  the  animal  from  the  bony  part  of 
bones;  and  acids,  the  bony  Irom  the  animal.  A 
consideration  of  the  last  circumstance,  bos  given  rise 
to  the  employment  of  dilute  muriatic  acid  to  remove 
the  bony  part  of  bones,  and  thus  to  leave  a  much 
larger  iiortion  of  the  animal  material  available, 
than  can  be  obtained  by  almost  any  process  of 
boiling.  It  has  hence  been  ingeniously  suggested, 
liat  if  such  cities  as  might  at  any  time  be  in 
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danger  of  a  blockade,  were  to  have  deposito 
of  the  bones  of  aiiimoLs  used  as  food  eslablisbc 
in   them,   there  might  thus  be  an  almost  inex- 
haustible   store    of   nutriment    provided   for  an 
exigency.    A  machine  for  bruising  the  bones,  and 
a  suSicient  quantity  of  add  to  separate  the  earth; 
part  of  them,  are  ail  that  would  be  necessary  for 
carrying  on  this  process;  while  careful  washing 
would  readily  separate  the  acid  and  saline  ] 
tides,   so  as  to  prepare   the   animal  matter  I 
nourishment. —  Before  I  take  leave  of  this  subjee 
I  may  mention,  tm  connected  with  the  incidei 
obser\-ations  on  the  nature  of  bone,  which  I  ha(j 
now  made,  that  the  shells  with  which  several  i 
rine  and  fresh  water,  as  well  as  land  animals  i 
covered,  consist  principally  of  carbonate  of  litn 
united  either  by  jelly  or  cartilage ;  and  that  i 
shells,  and  the  shells  of  tlie  crustaceous  a 
as  lobsters,  crabs,   shrimps,  &c.  consist  of  c 

6  united  to  a  little  phosphate  of  linn 
rith  animal  matter. 


CONVERSATION  XV. 


OF    DIGESTION. 


During  the  action  of  oliewing,  the  food  U 
mixed  with  the  snliva  or  spittle,  which,  as  I  have 
already  mentioned  *,  is  a  secretion  from  three  sets 
of  glands,  the  parotid,  submaxillary,  and  sublin- 
gual, placed  in  such  a  maiioer,  that  their  ducts 
open  into  the  mouth,  aud  continually  pour  this 
fluid  into  it,  but  more  particularly  during  masti- 
cation. The  food  is  then  carried  backwards,  and 
by  the  curious  action  of  various  muscles  is  thrown 
into  \he  pharynx,  which  Is  a  sort  of  pouch,  or  ex- 
pansion in  the  back  part  of  the  mouth,  from  whictr 
it  immediately  descends,  partly  by1ts  own  weight, 
and  partly  by  the  action  of  muscles  belonging  to 
the  pharnyx,  into  the  oesophagus  or  gulUt,  at  the 
extremity  of  which  is  the  stomach,  into  which  the 
food  is  deposited. 

•  Vol.1,   p.856. 


CHARLES, 

The  gullet,  then,  I  suppose,  lies  immediatdy' 
behind  the  windpipe ;  but  as  we  brenthe  throu^ 
the  same  opeulng  by  which  the  food  passes,  lliert 
must  be  some  method  adopted,  by  wliich  the  fixxi 
is  prevented  from  ordinarily  getting  into  the  wind- 
pipe, which  it  now  and  tlieii  does,  and  prixlucins 
ffceal  inconvt 


The  gullet  and  the  windpipe  lie  parallel  to  each 
other  ibr  some  distance.  At  the  upper  part  of  the 
gullet  is  the  pharynx,  which  1  have  already  men- 
tioned ;  and  at  the  upper  part  of  the  windpipe 
the  larynx,  which  is  the  projecting  body  that  y 
may  feel,  just  below  the  cliin,  at  the  front  of  I 
neck.  It  is  hollow,  and  is  connected  with  t 
windpipe,  so  as  to  admit  air  to  pass  through 
into  the  lungs.  During  the  act  of  swallowing,  t 
tongue  is  drawn  back,  and  the  larynx,  upwards  ai 
forwards;  so  that  the  opening  into  it,  throu^ 
which  the  air  passes,  is  protected  by  the  root 
the  tongue,  aiid  closed  by  a  sort  of  valve  or  cover, 
called  the  epigloltis,  which  I  shall  have  occasion 
notice  in  speaking  of  respiration.  To  these  clrcum* 
stances,  however,  a  certain  action  of  muscles  belonff> 
ing  to  the  larynx  is  added,  by  which  the  opemiu 
into  it  is  closed ;  for  it  has  been  found  that  when 
the  epiglottis  has  been  removed,  or  has  been  lost- 
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by  disease,  there  is  still  a  means  existing,  of  closing 
tLe  aperture  into  the  windpipe  during  swallowing, 
and  of  therefore  preventing  the  food  from  passing 
that  way.  It  tlius  appears,  that  respiration  is  for 
an  instant  interrupted  in  swallowing,  to  allow  the 
food  to  pass  onward,  without  injury  to  the  delicate 
and  sensible  organs  concerned  in  carrying  il  on. 
But  it  is  to  be  observed,  likewise,  that  there  is  an 
opening  from  tlie  nostrils  into  the  pliarynx,  through 
which  it  is  equally  necessary  that  the  food  should 
be  prevented  passing,  as  down  the  windpipe.  The 
soft  palate  of  the  mouth  is  carried  backwards  in 
the  act  of  swallowing,  and  sufficient  tension  given 
to  it  by  the  action  of  the  muscles  whidi  it  pos- 
sesses, so  as  to  force  on  the  food  in  its  proper 
course;  while  the  muscles  of  the  larynx  itself 
contract  on  the  food  admitted  into  it,  and  propel  it 
onwards  to  tlie  gullet. 

CHARLES. 

Does  the  food,  then,  when  it  is  received  into  the 
gullet,  pass  on  to  the  stomach  by  its  mere  weight; 
or  has  that  tube  any  power  in  passing  it  forward? 
I  should  think  there  must  be  some  muscular  struc- 
ture connected  with  it,  tor  I  have  seen  tumblers 
drink  when  they  were  standing  on  their  hends; 
and  we  know  that  various  animals  feed  and  swal- 
low, when  their  heads  are  close  to  the  ground: 


DIGESTION. 


You  are  quite  right.  The  tube  is  lined  with : 
white  smooth  membrane,  which  is  covered  witb< 
secretion  of  mucus,  produced  from  some 
glands  below  it,  to  keep  it  moist ;  but  it  con: 
chiefly  of  fleshy  or  muscular  fibres,  some  of  whid 
are  longitudinal,  and  some  transverse,  by  meanst 
which  the  gullet  contracts  upon  any  substanca 
admitted  into  it,  and  drops  it  into  the  stomi 
Tliere  is  likewise,  at  the  root  of  the  tongue,  a  boni 
of  the  figure  of  the  letter  u,  and  hence  called 
hyoid,  which  ser\es  to  keep  the  tongue  and 
expanded,  and  always  ready,  therefore,  for  the  r* 
ception  of  food. 

HARRIET. 

You  mention  that  the  secretion  of  saliva  is 
siderably  increased  during  the  act  of  chewin 
but  it  seems  abo  to  be  augmented  by  the  me 
appearance,  or  even   thoughts   of  food,   when 
person  b  hungry. 


There  is  certainly   such   a  sympatliy   as  tl 
which  you  mention  ;  and  it  appears,  from  a  curie 
example  which  occurred  some  years  since  in  Edia 
biirgli,  of  a  person  who  ottempted  self-destruction 
by  cutting  across  both  the  larynx  and  gullet,  tha 
during  the  cure,  (for  the  person  recovered  after  s 
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grievous  an  injury,)  when  nourishment  was  thrown 
into  the  stomach  through  the  wound,  there  was 
always,  by  a  sort  of  sympathy  with  the  stomach, 
a  considerable  secretion  of  saliva  from  the  mouth, 
to  the  extent  of  even  from  five  or  six,  to  eight 
otmces  or  more  each  meal. 

HARRIET. 

Then  the  quantity  secreted  in  ordinary  circum- 
stances, is  far  more  than  one  can  have  any  idea 
of  from  one's  own  personal  observation  on  the 
subject. 


It  has  been  supposed,  that  not  less  than  a 
pound  of  saliva  is  ordinarily  secreted  during  the 
24  hours ;  and  you  may  readily  imagine  this, 
when  you  consider  the  constant  necessi^  which 
there  is,  to  swallow  the  saliva  which  the  salivary 
glands  are  coDtinuaily  pouring  out.  Any  Irritating 
substance,  as  tobacco,  will  increase  the  quantity 
exceedingly ;  and  it  is  likewise  capable  of  great 
augmentation,  not  only  by  medicine,  but  in  various 
states  of  disease. 

CHARLES. 

I  suppose  the  tartar  which  forms  upon  the  teeth, 
7^en  they  are  neglected,  is  to  be  attributed  to  the 
Ijalivn  in  some  way  or  other. 


»ou.raq„i,e,igh,.     The  toba*^ 
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Saliva  consists  of  more  tliaii  93  parts  ia 
of  water ;  and  as  the  remaining  ingredients  possess 
mucus,  and  some  peculiar  animal,  with  a  small 
portion  of  saline  matter,  the  mucus  hardens  when 
it  is  suffered  to  remain  on  the  teeth,  and  in  time 
forms  what  is  called  tartar,  which  is  principal^ 
constituted  of  phosphate  of  lime,  the  production 
of  which  substance  from  mucus  is  rather  obscure. 
A  late  examinaticm  of  the  white  coating  which 
often  forms  on  the  tongue,  particularly  of  persons 
who  are  subject  to  indigestion,  has  however  d!^ 
covered,  that  It  contains  a  considerable  proportion 
of  phosphate  of  Ume;  and  is  hence  a  probable 
source  of  the  tartar  of  the  teeth. — The  saliva 
mixes  difficultly  with  water,  and,  therefore,  c: 
be  effectually  removed  from  the  teeth,  but 
brushing. 

CHAKLES. 

The  principal  use  of  die  saliva  is,  therefore, 
that  of  affording  moisture  sufficient  to  enable  mttK 
tication  to  be  performed  adequately  ?  ^1 


:ann^^_ 
^t  ^B 


Certainly;  and  in  this  way  it  assists  in  the  pre- 
paration of  the  food  for  tlie  action  of  the  stomach, 
which  is  the  organ  that  I  must  now  mentioa  1 
you. 
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The  STOMACH  in  man  is  a  membranous  bag,  not 
very  unlike  the  shape  of  the  bag-pipe,  lying  across 
the  body,  and  having  two  openings ;  the  upper, 
towards  the  lefV  side,  by  which  it  receives  food  from 
the  gullet,  called  the  cardia,  from  its  supposed 
sympathy  with  the  heart ;  and  t!ie  lower,  on  the 
right  side,  called  the  pylorus,  janitor,  or  porter,  by 
which  the  food  passes  on  to  the  intestines.  Its 
inner  surface  consists  of  a  soft,  and  rather  pulpy 
membrane,  called  the  mucous,  or  villous  coat,  which 
is  carried  through  the  whole  alimentary  canal;  its 
middle,  or  body,  consists  of  a  muscular  expansion, 
by  which  this  organ  is  capable  of  emptying  its  con- 
tents; and  its  outer  is  a  membranous  covering, 
common  to  the  stomadi,  intestines,  and  all  the 
other  organs  contained  in  the  cavity  of  the  abdo- 
men, and  to  which  I  shall  afterwards  have  occa- 
sion to  advert.  The  inner  coat  is  united  by 
cellular  membrane  to  the  muscular;  but  it  docs 
not  contract  with  the  contractions  of  the  latter, 
and  therefore  frequently  e\hibits  the  appeai-ance 
of  folds.  At  the  pylorus  is  a  contraction  which 
prevents  the  too  ready  passage  of  the  food  down- 
wards. You  will  be  able  to  form  a  correct  idea  of 
the  shape  of  the  stomach  from  the  sketch  which  I 
now  show  you,  in  which  the  upper,  or  cardiac 
orifice,  into  which  the  cesophagus  is  inserted,  is 
towards  the  right,  while  the  pyloric  is  on  the  left 
side. 


Ires 

ing 

J 


SOPHIA. 

But  I  thought  the  stomach  had   been  a  i 
strong  organ,  capable  of  bruising  and  squeei 
out  the  nourishment  from  the  food  which  it  receWcs 
into  it.     Id  what  way,  then,  does  it  act  in  digesting 
our  food  ? 

DR.  A. 

Between  its  coats  are  various  small  gl&ndj 
which  are  plentifully  supplied  with  blood-vessel 
&nd  nerves,  and  which  secrete,  and  pour  into  the 
stomach,  a  fluid  called  gastric  juke,  which  dissolvet 
the  substances  taken  into  the  stomach,  converts 
them  into  un  uniform,  greyish,  pulpy  mass,  called 
^^        chyme,  and  thus  fits  them  for  becoming  nourish* 
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SOPHIA. 

Is  this,  then,  totally  independent  of  any  pressure 
wbich  is  exercised  by  Its  coats  ? 

DR.  A. 

Entirely  so;  for  it  has  been  found  that  if  por- 
tions of  food  were  placed  in  silver  balls,  and  these 
swallowed,  such  portions  would  be  dissolved,  not- 
withstanding they  were  placed  out  of  the  reach  of 
pressure.  Various  interesting  experiments  were 
made,  many  years  ago,  on  a  German,  who  was  in 
the  habit  of  swallowing  stones  to  gratify  curiosity, 
by  which  this  fact  was  satisfactorily  made  out.  — 
When  the  food  has  undergone,  to  a  sufficient  ex- 
lent,  the  change  which  it  is  meant  to  suffer  in  the 
stomach,  it  passes  through,  the  pylorus,  or  lower 
orifice,  into  the  intestines.  But  care  is  taken  that 
it  does  not  quit  the  stomach  too  rapidly  for  the 
necessary  changes  to  be  eflected  in  it.  This  is 
provided  for  by  a  sort  of  contraction  at  tlie  pylorus, 
and  by  the  food  lying  below  it,  so  as  to  require  a 
considerable  exertion  of  muscular  power  to  carry 
it  up  to,  and  then  through  this  opening.  When 
the  food  has  passed  Into  the  intestine,  it  receives 
the  bile,  which  is  the  bitter  yellow  secretion  from 
the  liver;  and  the  pancreatic  jiiiet;  which  is  the 
secretion  of  the  pancreas,  or  sweet-bread.  By  the 
mixture  of  those  substances,  and  of  other  secre- 
tions from  the  sides  of  the  intestines  themselves ; 
and  by  the  changes  which  are  effected  spontane- 


oiLsly,  tbe  food  is  so  far  altered  in  its  nature  as  I 
be  capable  of  affording  chyle,  which  is  b  fluid,  : 
milk,  tliat  is  taken  up  by  small  vessels,  i 
lacteals,  Irom  a  laige  part  of  the  surface  of  tl 
testines.  These  lacteals,  uniting  together,  conwy 
their  contents  into  one  of  the  large  blood-vesseb 
of  the  body,  and  thus  supply  the  means  of  nourish- 
ment  to  the  system.  That  part  of  the  food  whiot 
cannot  afford  further  nourishment,  is  carried  offd 
excrementitious  matter. 

HARRIET. 

How  very  simple  this  view  of  an   iropoi 
process  is.    But  it  seems  to  me  very  extraordin 
that,  whatever  the  description  of  food    may  I 
there  should  always  be  chyle  formed  from   it. 
chyle  always  of  the  same  nature  ? 


I 


It  is  quite  the  same  in  all  its  more  import 
properties,  though  there  are  some  slight  chemia 
differences ;  but  ilie  peculiar  changes  which  art 
necessary  for  its  production  are  very  little  knowi 
Nature,  howevei-,  has  imparted  to  all  animals 
tain  powers  of  assimilation,  by  means  of  wb!ct 
and  the  various  decompositions  and  new  conw^ 
binations  to  which  the  food  is  subject,  first,  chyme^ 
then  chyle,  and  finally  blood,  are  formed,  of  what- 
ever aliment  the  animal  may  have  been  nourished. 

SOPHIA. 

Has  this  absorption  of  the  chyle  been  seen  in  fl 
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unimaU  which  may  have  died  during  the  process 
of  digestion  ? 

DR.  A. 

It  is  easily  discoverable  in  any  animal  within 
five  or  six  hours  ailer  eating ;  and  I  have  seen  it 
myself,  very  distinctly,  in  tlie  body  of  a  malefactor, 
which  was  given  up  by  the  law  to  surgeons  for 
dissection.  Through  the  whole  course  of  the  in- 
testines there  were  small  while  lines  perceptible, 
which  were  found  to  be  the  locteals ;  and  on  open- 
ing any  of  them,  a  portion  of  milky  fluid  was 
capable  of  being  collected. 


have  heard  of  fermentation  going  on  in  the 
stomach,  and  perhaps  this  may  be  evinced  by  the 
ise  of  distention  which  is  sometimes  felt,  and 
the  occasional  disposition  to  eructate. 


These  are  both  diseased  feelings,  for  a  perfectly 
healthy  stomach  has  none  of  them.  The  disco- 
very of  the  solvent  powers  which  the  gastric  juice 

isesses,  evinces  that  the  process  of  fermenU 
adon  is  quite  unnecessary  for  the  conversion  of 
the  food  into  chyme,  and  afterwards  into  chyle. 
Tlie  frequent  derangements  of  Uie  stomach  and 
alimentary  canal,  tlie  overloading  of  the  stomach, 
or  tlie  employment  of  food  difhcult  of  digestion, 
often  prevent  the  agency  of  the  gastric  juice  from 


taking  effect  at  the  proper  period.  Detention  of 
food  in  the  stomach  allows,  io  such  cases,  of  the 
occurrence  of  fermentBtion,  which  some  are  dis- 
posed to  consider  as  in  the  regular  course  of  things. 

CHARLES. 

It  is  said  that  some  animals,  as  birds,  take  in 
portions  of  gravel  and  stone,  ns  if  the  digestim 
of  the  food  were  assisted  by  some  sort  of  frictifMi; 
and  yet  you  say  that  digestion  goes  on  independ- 
endy  of  the  pressure  exercised  on  the  food. 


I   have   hitherto   spoken   only  of  the   hui 
stomach,  which  is  of  a  membranous  nature,  i 
therefore  totally  unfit  to  press  on  the  food  v 
it  may  contain.     All   carnivorous  animals   ha*4 
stomachs  of  the  same  kind ;  and  1  may  remark  of 
them,  that  animal,  or  mixed  food,  ts  more  readily 
assimilated,     that    is,     more    readily    convex 
into  chyle,  than  any  other  description  ;  and  I 
digestive    organs    in    such    animals    are    of  I 
more  simple  kind.     Many  birds  not  only  take! 
portions  of  gravel  to  assist  their  digestion,  bat  I 
they  have  not  teeth,  and  can  divide  their  food  j 
hut  a  very  imperfect  manner  with  iheir  bills  i 
beaks,  it  is  necessary  that  n  more  minute  divisl 
should  take  place,  in  order  to  prepare  it  for  i 
process   of  digestion.      The  gizzard  of  birds  ^ 
therefore  given  them  for  the  purpose;  and  itl 
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formed  of  two  very  thick  and  strong  muscles,  or 
rather  one  muscle  with  two  bodies,  and  called, 
tlierefore,  digastric,  calculated  to  press  any  sub- 
stance very  strongly  between  the  two  parts  of  which 
it  consists.  But  as  the  gizzard  could  not  perform 
the  whole  of  the  duly  at  once,  there  is  a  bag,  or 
enlargement  of  the  gullet  given  to  many  birds, 
called  the  crop,  which  is  situated  in  the  front  of 
the  chest,  at  some  distance  from  the  gizzard.  In 
tliis,  the  hard  and  dry  food  is  macerated ;  it  is  then 
let  into  the  gizzard,  where  it  is  bruised  and  di- 
vided ;  is  mixed  with  tlie  gastric  juice,  which  is 
secreted  by  glands  uear  the  entrance  of  the  giz- 
zard ;  and  thus  the  changes  are  produced  which  fit 
it  for  nourishment. 

CHARLES. 

It  therefore  appears  that  the  stomach  of  such 
birds  consists  of  two  essential  parts;  the  one,  which 
triturates  and  divides,  acting  the  part  of  teeth ;  the 
other,  which  secretes  the  fluid  necessary  for  the 
solution  and  preparation  of  the  food  for  nourish- 
ment. 


Certainly;  and  you  will  understand  this  the 
better,  from  a  sketch  which  I  shall  show  you,  of 
the  exterior  and  interior  of  the  stomach,  or  gizzard, 
of  a  wild  swan.  In  the  view  of  tJie  exterior,  a 
represents  a  number  of  the  glands  nhicb  secrete 
the  gastric  juice,  with  their  external  extremitifn 
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exposed  by  a  portion  of  the  muscular  coat  being 
removed ;  b  b  ere  the  fleshy  fibres  of  the  digsstf  ic 
muscle,  which  forms  the  great  mass  of  the  gizzard ; 
c  is  the  tendon  which  connects  them  with  eacb 
other;  and  <£  is  the  commencement  of  the  iiitesr 
tine,  which  carries  the  food  downwards. 


In  the  sketch  of  the  interior  of  the  gizzard  of 
the  same  animal,  you  are  to  suppose  it  opened 
from  above  downwards,  in  the  direction  of  the  Iinv 
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on  the  right,  to  the  lower  corner  on  the  lef^  and 
the  parts  thrown  back.  Here  a  represents  the 
orifice  oi  the  gastric  glands  in  the  interior  of  the 
stomach,  answering  to  the  glands  a  seen  from 
without  in  the  former  sketch  ;  A  6,  as  in  the  former 
sketch,  are  the  fleshy  fibres  of  the  digastric  muscle 
divided ;  c  is  the  tendon  divided ;  d  is  the  opening 
into  the  intestine ;  e  designates  the  mucous  glands 
around  the  termination  of  the  gullet;  and ^/y the 
cuticular,  or  horny  covering  of  the  gizzard,  which 
is  the  part  that  triturates  the  food. 
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CHARLES. 

At  the  time  of  trituration,  the  gastric  joice  is  of 
course  dropped  on  the  food  from  the  glands  placed 
above. 


This  is  the  case,  though  the  gastric  glands  vary 
in  their  position,  being  in  some  birds  much  lower 
down  tlian  in  others ;  but  tliere  is  a  provisioa  for 
the  food  not  being  too  speedily  carried  oiiwanU, 
by  the  intestine  beinj^  joined  to  the  gizzard  very 
high  up,  so  as  by  tliis  means  to  allow  sufficient 
time  for  completing  the  digestive  process.  The 
crop,  in  such  birds  as  have  one,  is  principally  to 
be  viewed  as  a  repository  from  which  the  ftxxl  is 
first  softened,  and  then  transmitted  to  the  gizzard. 
But  in  all  birds  of  the  dove  kind,  and  there  is 
some  reason  to  suppose  this  to  be  tlie  case  in 
parrots,  niackaws,  and  cockatoos,  the  crop,  both 
in  tlie  male  and  female,  is  endowed  with  a  power  of 
secreting  a  Huid,  wliicli  coagulates  into  a  whitish 
curd,  and  is  employed  to  feed  the  young  for  two 
or  three  days  after  hatcliing.  It  is  then  found  t 
l)e  mixed  with  some  of  the  common  food ;  and  a 
the  pigeon  grows  older,  the  proportion  of  comcooi 
fimd  is  increased ;  so  that  by  the  time  it  is  eight  or 
nine  days  old,  when  it  is  able  to  digest  the  common 
food,  the  secretion  of  the  curd  in  tlie  old  bin 
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SOPHIA. 

Thia  is  a  very  carious  provision ;  and  I  sup- 
pose the  kind  parents  have  the  power  of  sending 
up  tbe  curd  witltout  the  mixture  of  common  food, 
and  of  apportioning  the  respective  quantities  ac- 
cording to  the  age  of  tlie  young. 


r 


This  must  either  be  the  case,  or  they  must  ac- 
commodate their  periods  of  taking  food  to  tbe 
mixture  which  is  required  of  it  with  the  curd. 
But  in  either  case,  there  is  a  wonderful  display  of 
instinctive  knowledge. 

CHARLES. 

I  have  heard  of  the  stomachs  of  ostriches  being 
able  to  digest  iron,  and  other  hard  substances:  k 
there  any  truth  in  such  stories?  1* 


The  powerful  gizzards  of  ostriches  soon  alter 
the  shape  of  a  strong  metallic  body,  but  can  do  no 
more.  Balls  of  glass  are,  however,  readily  broken 
and  powdered,  by  the  action  of  the  gizzard  even 
of  the  common  barn-door  fowl. 


SOPHIA. 

I  should  have  thought  that  tlie  introduction  of 
~  I  substances  risked  a  material  injury  to  the 
Bimal. 


I 


So  far  from  it,  that  needles,  and  even  1 
have  been  broken  to  pieces  by  the  action  of  tfae 
gizzard,  and  no  disadvantage  sustained;  for  the 
hard  tendon  with  which  it  is  covered  resists  l'  ~ 
strongest  impressions. 

SOPHIA. 

The  ^zzards  of  fowls  which  one  sees  at  t 
ore  hard  and  firm ;  but  I  should  scarcely  I 
thought  them  equal  to  a.  resistance  ! 
what  yon  mention. 

DR.   A. 

Because  the  tendinous  part  hss  been  removed  I 
the  trussing,  and  the  fleshy  digastric  muscle  join 
by  the  tendon  on  one  side  left ;  the  other  tendi 
being  divided,  so  as  to  allow  the  muscle  to  be  s 
parated  into  its  twodivisions,  and  thrown  back, 
some  of  the  crustaceous  animals,  as  tlie  lobster  and 
crab,  the  division  of  the  food  is  accomplished  bj 
means  of  teeth  placed  in  the  stomach,  and  coveted 
with  the  same  hard  materials  as  the  external  coaL 
These  teeth  are  of  the  molaris  or  grinding  shap^ 
and  are  one  on  each  side.  Immediately  beyond  tbem, 
is  a  single  projecting  tooth,  which  answers'ihe 
purpose  of  preventing  the  food  from  passing  on, 
till  it  is  sufBciently  divided.  The  stomach  of  ttn 
animals  is  also  hned  with  a  hard  substance  sin 
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to  the  externsl  coat,  so  as  that  it  is  never  col- 
Ispsed ;  and  it  is  a  curious  circumstance,  tliat  this 
coat,  as  well  as  the  hard  covering  of  the  teeth,  are 
parted  with  when  these  animals  cast  their  shells. 
The  tooth-like  processes  at  the  entrance  of  the 
mouth,  which  are  sometimes  represented  as  the 
teeth,  are  nothing  more  than  a  kind  of  pincers,  to 
grasp  the  food,  and  convey  it  into  the  mouth. 

HABSIET. 

How  extraordinary  it  is,  that  these  animals 
should  be  able  to  digest  their  own  stomachs  and 
teeth. 


This  must  be  pretty  nearly  the  fact;  and  I 
imagine  that  it  is  a  provision  against  the  injuries 
which  these  organs  must  occasionally  meet  with. 
In  some  of  the  worm  tribe,  teeth  are  likewise  met 
with  in  the  stomach ;  and  such  is  also  the  case  with 
various  insects,  particularly  the  Cape  grasshopper, 
and  mole  cricket,  of  which  last,  there  is  a  very 
accurate  description,  with  plates,  published  by 
Dr.  Kidd  of  Oxford,  in  the  Philosophical  Trans- 
actions for  IS^i. 

CRABLES. 

. .  „-it  special  provisions  nature  seems  to  have 
lun  for  the  proper  division  of  the  food.  But  is 
e  peculiar  structure  which  you  mention  in  binl« 
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oiinmon  to  all  of  them  ?  for  I  should  have  thought 
such  an  apparatus  unnecessary  in  those  which  live 
upon  flesh. 

DR.    A. 

Birds  of  prey,  such  as  eagles  and  hawks,  and 
those  also  which  are  priucipally  carnivorous,  as 
rooks,  have  stomachs  that  are  nearly  membranous. 
So  have  birds  that  live  upon  fish,  which  occupy  » 
very  large  space,  and  are  swallowed  whole.  These 
lost,  and  also  many  of  the  birds  of  prey,  have 
crops,  or  very  wide  gullets,  which  act  either  as  re- 
positories of  food,  or  admit  of  a  part  of  it  being 
lodged  in  them,  till  the  Itirther  part,  which  hu 
reached  the  stomach,  is  digested ;  and  tlien 
remainder  is  taken  in,  and  subjected  to  the 
process.  A  friend  of  mine  found  a  large  rat 
the  crop  of  an  eagle  which  was  accidectal 
strangled  by  its  chain ;  and  another,  partly  in 
stomach,  and  half  digested,  and  partly  in  the  gul- 
let, contiguous  to  the  stomach.  A  great  power  of 
distension  exists  in  the  serpent  tribe^  which  are 
capable  of  swallowing  large  animals,  the  whole  iif 
which  the  stomach  cannot  receive  at  once, 
boa  constrictor,  before  it  swallows  an  aoimat, 
pares  it  for  being  taken  down,  by  compressing 
as  small  a  bulk  as  possible.  Tliere  is,  however,  this 
very  singular  circumstance  attending  the  stomachs 
of  birds  accustomed  to  live  on  animal  food,  that  i( 
from  the  want  of  it,  they  are  obliged  to  subsist 
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gr^,  the  digastric  muscle  forming  the  gizzard, 
which  is  hardly  perceptible  in  them,  becomes  so 
lai^,  that  it  can  scarcely  be  recognized  as  belong- 
ing to  the  stomach  of  a  bird  of  prey.  This  is 
strikingly  exemplified  by  a  preparation  which  I 
have  seen  in  the  Hunterian  CoUeclion,  of  the 
stomach  of  a  sea-gull,  which  had  been  kept  by  Mr. 
Hunter  for  twelve  months  on  grain,  and  ac- 
quired a  very  unnatural  accession  of  strength  in 
the  gizzard  muscles,  from  this  change  of  food. 

HARRIET. 

Would  the  strength  of  the  gizzard,  do  you  sup- 
pose, be  diminished,  as  well  as  increased  by  a 
change  of  food  i' 

DR.  A. 

I  have  no  doubt  that  this  would  be  the  case,  if 
the  experiment  were  tried,  which  1  do  not  know 
that  it  has  ever  been  ,*  but  it  would  appear,  thai 
all  such  birds  as  have  naturally  efficient  gizzards, 
have  them  of  various  degrees  of  strength,  accord- 
ing to  the  peculiar  food  which  they  are  intended 
to  use.  Birds  which  are  carnivorous,  have  various 
modifications  of  structure  to  accommodate  the 
organ  to  the  diffcrefit  descriptions  of  animal  food. 
Some  which  take  in  grubs,  and  all  sorts  of  insects, 
with  dieir  food,  have  a  cuticular  lining  in  the 
stomach,  of  various  thickness,  as  a  defenc«: 
tbers,  which  are  in  the  habit  of  swallowing 
I  5 
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bones,  hair,  and  feathers,  as  hawks  and  other  bin 
of  preyi  always  regurgitate  them  ;  and  : 
are  their  membranous  stomachs  irritated,  that  oU 
books  of  hawking  recommend,  as   a  receipt  Sat 
making  a  young  hawk  cast  (as    this  operstioD  il 
called),  the  giving  three  oats  in  a  piece  of  i 
When  birds  live  ou   shell  fish,  and  sea  i 
their  gizzards  are  strong,  in  order  to  break  tha 
and  at  the  same  time  to  resist  injury  fixMn  I 
introduction. 

CHARLES. 

I  presume,  that  as  nature  has  made  so  great  ■ 
difference  between  the  stomachs   of  those   biirf 
which  live  oi^  animal,  and  those  which  lire  ■ 
vegetable  food,  there  is  likewise  a  considerabl 
difference  between  the  stomachs  of  the  cajmivc 
and  graminivorous  quadrupeds. 

DR.   A. 

You  will  recollect,  that  animal  food  reqaim 
less  assimilation  than  v^etable;  and  nature  has, 
therefore,  adopted  various  modes  for  facilitating 
the  conversion  of  the  latter  into  proper  nonrisl^ 
ment :  one  of  the  first  means  is  n  longer  det( 
tion  in  tlie  stomach ;  and  this  is  effected; 
animals,  by  making  the  entrance  of  the  cardm 
and  pylorus  near  each  other,  so  as  to  produce 
some  difficulty  in  the  passage  of  tlie  food  from  th« 
body  of  the  stomach,  nearly  to   the  part 
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which  it  was  projected  into  it ;  thus  a  longer 
time  is  allowed  lor  digeslioa.  In  the  horse  and 
ass,  the  left  half  of  the  stomach  is  of  a  difierent 
character  from  the  right.  It  is  lined  with  cutidv 
continued  from  the  oesophagus,  and  the  food  is 
for  some  time  detained  in  it ;  but  it  is  at  lengtli  gra- 
dually transferred  to  the  right,  or  the  digesting 
side  of  the  stomach,  which  is  covered  with  a 
villous  coat,  and  is  supplied  with  glands  for  the 
secretion  of  the  gastric  juice.  The  same  etruc- 
tiu'e,  to  a  certain  degree,  exists  in  the  hare  and 
rabbit ;  but  there  is  a  very  curious  peculiarity  in 
die  horse;  and  that  is,  that  the  inside  of  its 
stomach  is  generally  found  covered  widi  bolts,  a 
large  sort  of  worm,  which  fix  themselves  firmly, 
by  means  of  two  small  hooks,  to  the  inner  mem- 
iHvne  of  the  stomach,  and  seem  to  be  productive 
of  but  little  inconvenience.  They  are  discharged 
from  the  horse,  go  into  the  chrj'salis  state,  and 
soon  become  flies.  The  eggs  are  deposited  in 
such  situations  as  to  admit  an  entrance  into  the  in- 
lerior  of  the  animal. 

The  most  curious  apparatus,  however,  for  assist- 
ing in  the  conversion  into  nourishment  of  vegetable 
food,  is  that  which  belongs  to  tlie  cow,  the  sheep, 

e  deer,  camel,  and  other  animals  which  usually 
V  their  cud. 

HARRIET. 

What  is  meant   by  chewing   the  cud  ?     One 
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often  sees  this  in  cows  and  sheep ;  but  I  Dev* 
could  exactly  understand  why  they  should  be  ; 
slow  and  leisurely  in  chewing  at  one  time,  and  ; 
rapid  at  another. 


In  chewing  the  cud,  tlie   food  is  brought  nj 
again  for   the   purpose  of  being  subjected  to 
second  mastication. 

HAHRIET. 

Do  you  mean,  that,  after  being  actually 
into  the  stomach,  it  is  subsequently  disgorged  fa 
this  second  chewing? 


It  had  been  received  into  the  first,  or  prepait 
lory  stomach,    the  paunch ;    for   there 
stomachs  which  are   concerned   in   digestion   B 
these  animals.     The  first   stomach   receives  tb 
food  after  a  very  slight  mastication.    From  then 
it  goes  into  the  second,  the  honey-comb,  in  smi 
portions ;  and  when  it  has  been  further  macerati 
there,  it  is  carried  up  into  the  mouth,  by  a  sort 
inverted  motion  of  the  muscular  fibres  of  the  ccs 
phagus  and  stomach.      It   is   then   chewed,  an 
■         passes  into  the  third  stomach,  or  many-pies,  frofl 
H        whence  it  goes  into  the  fourth,  or  read,  the  proptf 
H        digesting  stomach,  where  its  conversion  into  chyni 
H        is  completed. 
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t  HARRIET. 

This  is  8  very  beautiful  provision;  but  how  is 
the  food,  which,  in  one  case,  is  received  into  the 
first  stomach,  in  another  received  at  once  Into  the 
third?  Has  the  animal  any  power  of  allowiog  it 
to  go  into  the  one  and  not  the  other,  at  pleasure? 

DR.  A. 

The  two  first  stomachs,  which  are  connected,  as 
I  have  mentioned,  with  each  other,  receive  their 
contents  from  the  gullet,  by  a  groove  which  is  a 
continuation  of  it,  having  full  projecting  lips. 
The  lower  part  of  this  groove  leads  into  the  third 
stomach,  and  this  into  the  fourth.  Now  it  is  by 
tile  opening  and  shutting  of  this  groove,  that  the 
operation  in  question  is  effected.  When  it  is 
open,  it  is  clear  that  whatever  comes  from  above 
will  have  a  lateral  egiess.  Thus  the  food  passes 
into  the  first  stomach,  because  the  groove  opens 
immediately  into  it.  But  the  groove  is  endowed 
with  a  muscular  power,  by  "means  of  which  it  is 
capable,  at  tliepleasureoftheanimal,  of  being  shut' 
at  the  side,  so  as  to  form  a  tube  continuous  wjtli 
the  gullet.  Wiien  this  is  done,  the  food  swallowed, 
passes  the  first  and  second  stomach,  and  gets  im- 
iately  into  the  third. 


How  very  curious  is  this  structure;  and  how 
i,  that  the  animal  should  itself  be  able 


to  manage  the  actions  necessary  for  carrying  d 
various  stages  of  digestion  into  effect. 
nR.  A. 
This  19  a  very  admirable  instinctive  feculty,  t 
it  b  the  more  wonderful,  because  nnder  some  d 
cmnstances,  where  the  food  is  not  of  a  nature  ID 
require,  or  to  admit  of  rechewing,  it  is  received  at 
once  into  the  tliird  or  even  the  fourth  stomadb^ 
For  instance,  cows  in  the  nortb  of  Scotland, 
the  Hebrides,  are  occasionally  fed  on  fish,  v 
does  not  require  a  second  mastication,  and  is  t] 
fore  received  at  once  into  the  third  stomach ; 
calves,  which  are  fed  entirely  on  milk,  receive  j 
into   the   fourth   stomach,  without   even  the  i 
tervention  of  the  third,  because  the  third  has  i 
been  expanded  by  the  reception  of  food  into  J 
folds,  and  theretbre  allows  the  milk  to  pass  t 
once  into  tlie  fourth ;  but  in  both  those  ca 
is  a  voluntai'y  action  of  the  muscles  of  the  groon 
which  converts  it  at  pleasure  into  a  tight  tub 
suffering  nothing  to  escape  laterally. 


i 


The  process  of  opening  and  shutting  the  g 
leading  from  the  gullet,  seems  to  resemble  that  0 
letting  corn  down   the  different  chambers   of  4 
warehouse,  through  a  hollow  tube  communicatinf 
from  the  top  of  tlie  house  to  the  bottom.     If  ti 
tube  is  opened  at  any  particular  apartment,  1 
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s  will  be  deposited  there ;  but  if  it  is  closed, 
they  will  be  carried  to  a  chamber  below. 


Not  a  bad  simile,  and,  as  far  as  I  know,  an 
original  one  too.  —  The  structure  which  I  have 
mentioned, opplies  to  mostoftheruminatitanimals; 
hot  in  the  camel,  there  are  some  modificaljons, 
depending  on  the  habit<<  of  the  animal.  The  food 
is  received  into  the  first  atomacli,  from  which  a 
muscular  power  raises  it  inlo  the  mouth  for  re- 
mastication.  Ttie  second  stomach  consists  of  cells, 
and  is  solely  appropriated  to  the  reception  of 
water,  front  which  it  passes  into  the  third  and 
fourth,  which  receive  t)ie  food  after  being  chewed. 
The  third  is  very  small,  and  the  fourth  is,  as  in 
the  ordinary  ruminants,  that  which  is  the  im- 
mediate organ  of  digestion.  There  is  a  curious 
muscular  structure  in  the  camel,  by  means  of 
which  the  orifices  of  the  cells  are  closed,  and  the 
water  preserved  from  being  mixed  witli  the  food. 
It  is  this  peculiar  structure,  which,  in  the  camel, 
dromedary,  and  lama,  fit  them  to  live  in  sandy 
deaerts,  where  the  supplies  of  water  are  so  very 
precarious. 

CHARLER. 

I  have  heard  of  the  water  being  taken  out  of 
the  bodies  of  dead  camels  in  cases  of  great  drought; 
nd  of  these  animals  being  occasionally  destroyed. 
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in  order  to  procure  the  supply  of  water  which  ; 
found  within  them. 

DR.  A. 

This  has  occasionally  been  doiie^  as  we  are  in- 
formed by  trayellers,  in  cases  of  great  distress  Eoi 
water;  and  a  miserable  requital  it  is  for  the  ob^ 
ligations  due  to  the  numerous  services  of  tbes 
animals. 


But  is  the  quantity  thus  capable  of  being  con* 
tained  very  great? 

DR.  A. 

The  cells  in  a  camel  which  was  dissected 
London  some  years  since,    contained  about  t' 
gallons ;  but  I  have  no  doubt,  that  they  were  < 
pable  of  containing  much  more  when  in  a  state  of 
distension;  and  I  recollect  that  Bruce  mentions, 
that  four  gallons  were  taken  out  of  a  camel  during 
one  of  his  journeys  in  a  desert,  where  there  v 
much  distress  from  the  want  of  water. 

The  division  into  a  cuticular,  and  a  villous 
digesting  portion,  which  I  have  mentioned  as  oc< 
curring  in  the  horse,  and  some  other  animals, 
seems  to  be  an  intermediate  stale  between  the 
stomach  of  the  ruminants  and  non-ruminants ; 
and  it  is  found  lliat  the  kangaroo  occasionally 
ruminates  when  fed  upon  hard  food,  and  that  its 
■        stomach  is  in  part  cuticular,  and  has  a  power  of  ^B 

■1^ ^J 
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contracting  in  folds,  so  bs  to  have  its  contents 
easily  brought  up  by  the  muscular  action  of  the 
utomoch.  It  has  been  supposed  that  there  is  an 
approximation  to  this  structure  in  the  human 
stomach,  by  a  sort  of  contraction  occurring  between 
the  right  and  lell  sides ;  and  this,  perhaps,  derives 
some  support  from  the  occasional  occurrence  of 
rumination  even  iu  man. 

HARRIET. 

What,  are  there  instances  in  the  human  race  of 
chewing  the  cud  ? 

DR.  A. 

A  few  are  mentioned  by  authors  ;  but  the  best- 
authenticated  instance  is  one  which  came  under 
the  notice  of  Sir  Everard  Home.  It  was  that  of 
a  young  man  of  19  years  of  age,  idiotic  from  birth, 
and  blind.  He  was  very  ravenous,  and  they  were 
obbged  to  restrict  him  in  the  quantity  of  his  food ; 
since,  if  he  eat  too  much,  it  disordered  his  bowels. 
Fluid  food  did  not  remain  on  his  stomach,  but 
caine  up  again.  He  swallowed  his  dinner,  which 
used  to  consist  of  a  pound  and  a  half  of  meat  and 
vegetables,  in  two  minutes ;  and,  in  about  a  quarter 
of  an  hour,  began  to  cliew  the  cud.  Sir  Everard 
states  his  having  been  once  present  on  this  occasion, 
when  the  morsel  was  brought  up  from  the  stomach 
into  the  mouth  with  apparently  a  verj-  slight  effort. 

e  chewed  it  three  or  four  times,  and  swallowed 
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it ;  when  there  was  a   pause,  and  other  i 
were  brought  up  in  succession.     This  process  n 
continued  for  half  an  hour,  and  he  ajipeared  ti 
be  more  quiet  at  that  time,  than  any  other, 
whether  the  regurgiuilion  of  the  food  was  volm 
taiy,  or  involuntary,  could  not  be  ascertained ; 
the  young  man  was  too  deficient  in  understafidi 
to  give  any  information  on  the  subject. 
CHARLES. 
It  appears,  then,  that  the  more  simple  s  _ 

are  those  which  are  intended  to  digest  aniiiHl 
food,  as  being  the  most  easily  converted  into 
nourishment ;  and  that  tlie  more  complex,  eid>er 
aSbrd  additional  means  of  pressure  or  division^  or 
require  on  additional  period  (or  the  food  to  be 
acted  upon. 

This  is  quite  the  case;  and  nature  has  modifiedt 
in  various  ways,  the  process  of  digestion,  tod 
suited  the  kind  of  stomach  to  tlie  descripticK)  of 
food  on  which  it  is  intended  to  act.  But  we  must 
defer  the  further  prosecution  of  this  subject  to 
another  opportunity. 


CONVERSATION  XVI.                          1 

DIGESTION    CONTINUED.                      ^9B^H 
ABSORPTION.                                     ^^^^H 

HARRIET. 

I  WAS  just  going  to  remark,  at  the  conclusion  of 
aat  last  conversation,  that  I  noutlerec],  considering 
what  a  powerful  substance  the  gastric  juice  must 
b^  to  be  able   to   dissolve  tlie   Tarious  matters 
which  are  employed  as  foot),  how  the   stomach 
itself  is  able  to  resbt  its  influence. 

DR.  A. 

Living  animal  matter  has  a  power  of  resistance 
which  dead  does  not  possess;  and  examples  are 
occasionally    found,    in    which   the  gastric  juice, 
after  death,  both  in  man  and  some  quadrupeds, 
has  corroded  holes  in  the  stomach,  which  was  un- 
affected by  it  during  life.     It  is  in  tlie  same  way 
tLftt  worms,  bolts,  and  such  sort  of  nnimals  are 
unaffected  by  a  residence  in  the  stomach  and  ali- 
mentary  canal,  in  which  they  obtain  their  nourish- 
HoMent ;  but  if  they  were  to  die,  they  would  then  be 

unable  to  resist  the  influence  of  the  digestive  fluids 
and  would  be  dissolved,  hke  any  other  extraneouc 
substance. 

CRAHLO. 

Has  the  gastric  juice,  when  examined  out  of 
the  body,  any  very  strong  or  caustic  characters?* 

DR.  A. 

None  by  which  you  can  infer  any  thing  like  \hi 
eSects  which  it  is  capable  of  producing.  It  doe|i 
not  differ  much  in  appearance  from  saliva;  aod, 
in  sensible  qualities  it  is  slightly  bitter  and  salino. 
It  possesses,  out  of  the  body,  in  some  degree  tfat 
same  property  of  reducing  substances  to  a 
ceous,  chyme-like  mass,  which  it  has  i 
stomach. 

SOPHIA. 

But  how  is  the  gastric  juice  procured  for  tb) 
purposes  of  examination  ? 

DR.  A. 

Sometimes  it  has  been  obtained  from  the  sio 
machs  of  animals  after  death,  who  had  Asted  j 
good   while    previously;    sometimes   by   making 
animals  swallow  portions  of  sponge,  which  v 
withdrawn   on  being  filled  with  the  fluid  of  t 
stomach  ;  and  sometimes  by  the  action  of  vomitii 
on  an  empty  stomach.     The  gastric  juice  has  tta 
power  of  coagulating,  which  seems  to  be  the  fin 
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process  of  digestion  in  such  substances,  as  milk, 
which  admit  of  coagulation.  Hence  ati  infusion  of 
the  fourfti,  or  digestive  stomach  of  calves,  as  being 
imbued  with  gastric  juice,  is  usually  employed  to 
coagulate  milk ;  and  so  small  n  quantity  answers  the 
purpose,  that  seven  grains,  infused  in  water,  were 
found  to  afford  as  much  fluid  as  coagulated  100 
gallons  oF  milk  ;  that  is,  more  than  6857  times  the 
weight  of  the  substance  employed. 


k  Then  it  is  probably  of  an  acid  nature,  since 
remarkably  possess  this  property. 


H  Th 

i 

^^  So  little  is  this  the  case,  that  it  has  been  found 
that  a  portion  of  the  stomach  of  a  calfi  if  even 
kept  for  some  time  in  an  alkali,  still  retains  its 
characteristic  property. 


V   Is  this  property  of  coagulating  common  to  all 
stomachs  ? 


Such  seems  to  be  the  case;  for  Mr.  Hunter  found 

it  lo  exist  in  the  stomach  of  the  boar ;  in  rlie  crop 

and  gizzard  of  fowls ;  and  in  the  stomachs  of  sharks, 

-aalmoQ,   and  thornbacks.      It  appears   that  it  is 

iog,  ID  all  animals,  to  the  secretion  of  the  gastric 


I 
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juice,  though  its  mode  of  producing  this  effect 
unknown.     The  gastric  juice  has  likewise  a  ro* 
markable  power  of  checking  putrefaction  in  . 
half  putrid  aliment  whicli  may  be  taken  into 
and  the  same  power  is  exercised  on  similar 
stances  out  of  tlie  body. 

HARRIET. 

When  animals  swallow  flesh  and  bones  wit 
undiscriminating  voracity,  is  the  gastric  juice  at] 
to  dbsolve  the  bones? 


The  stomachs  of  dogs  and  hyenas  have  wtf 
remarkably  that  property ;  and  the  teeth  of  the  lat> 
ter  are  most  formidably  adapted  to  crushing  bones, 
and  preparing  them  for  the  action  of  the  gastric 
juice.  Even  ivory,  and  the  enamel  of  the  teeth, 
are  dissolved  in  the  stomachs  of  dogs;  and  that  of 
a  hare  has  dissolved  an  onyx,  and  diminished  B 
louis-d'or.  But  the  external  husk  of  vegetables 
very  singularly  resists  the  operation  of  the  gastric 
fluid,  as  in  the  case  of  oats  witli  horses ;  or  the 
seeds  of  apples  and  other  fruit  with  roan ;  bol 
when  these  substances  are  bruised,  or  triturated, 
they  are  then  aAed  upon  in  the  usual  way.— The 
endeavours  of  chemistry  to  ascertain  the  nature 
and  mode  of  operation  of  the  gastric  juice,  have 
hitherto  been  ver)'  unsuccessful.  Its  operatioa 
seems  to  be  very  much  confined  to  the  food  which 
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is  contact  with  the  surface  of  the  stomach,  and  it 
is  in  greatest  force  at  the  larger  end,  which  is  on 
the  left  side  of  the  body,  as  you  moy  see  by  the 
sketch.  The  mass  of  food  is  slowly  passed  on  by 
the  muscular  action  of  the  stomach,  to  the  smaller 
end,  and  from  thence  to  the  pylonis ;  and  it  ap- 
pears that  any  new  food  which  is  added,  is  kept 
separate  from  the  old,  being  in  the  cenire  of  the 
latter,  and  therefore  not  subjected  to  the  action  of 
the  gastric  juice,  till  that  first  received  has  been 
converted  into  chyme.  I  have  already  mentioned 
to  you  the  division  into  a  right  and  left  portion, 
which  some  physiologists  consider  as  occurring 
during  digestion.  The  sketch  which  I  now  shew 
will  enable  you  to  form  an  idea  of  this. 
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CHARLES. 

The  power  of  converting  substances  of  varioos 
kinds  into  animal  fle&b,  of  the  same  appearance 
and  nature,  is  a  wonderrul  operation,  which  seem: 
to  be  intended  to  make  every  thing  useful ;  for  if 
animal  flesh  could  only  be  produced  by  animal 
6esh,  the  whole  of  the  vegetable  kingdom  woiild, 
as  far  as  nourishment  goes,  be  altogether  useleu. 


And  yet  you  are  not  aware  stilly  of  the  I 
extent  of  the  provision  which  exists  for  the  s 
port  of  animal  life.     For  instance,  there  are  s 
stances  which  would  act  as  poisons  to  man,  «'hj 
are  salubrious,   and   nutritious   to   many  of  t 
brute  creatiou ;  and  some  things  which  are  { 
liil  and  nourishing  to  one  animal,   are  c 
and  hurtful  to  others,     llie  sheep  and  goat « 
feed  upon  hemlock,  and  the  pig  upon  henbaae) 
which  are  poisonous    to  man ;    opium  does  Dot 
affect  the  dog,  and  yet  bitter  almonds  are  poison- 
ous to  him.     There  is  likewise  a  wonderful  ] 
in  the  stomach  of  accommodating  itself  to  v 
of  food  ;  so  that  the  graminivorous  can  occa^oi 
ally  be  made  to  Teed  on  animal  food,  and  the  c 
nivorous  on  vegetable.     1  have  already  mentioiu 
the  change  produced  on  the  stomach  of  a  sea-g 
which  was  led  on  grain  ;  the  stomach  acquiringffl 
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greftt  increase  ofmusculiirpower,wbich  the  change 
of  food  renilereti  necessary. 

But  man,  of  all  animals,  possesses  the  greatest 
power  of  accommodation  to  the  varieties  of  aliment 
which  different  climates  afford.  In  the  high  lati- 
tudes, his  food  is  entirely  animal,  and  often  of  the 
most  forbidding  nature,  according  to  our  concep- 
tions ;  as  raw  whale,  seal  blood,  dried  herrings 
moistened  with  whaic  oil,  &c. ;  while  in  the  torrid 
zone,  he  is  supported  principally  by  fruits  and  vege- 
ubles.  Though  we  are  the  creatures  of  habit,  the 
same  individual  can  likewise  bear  great  varieties 
of  sustenance ;  and  with  regard  to  the  particular 
effects  of  animal  or  vegetable  diet  on  the  physical 
powers  of  man,  we  have  examples  of  strength, 
activity,  and  bravery,  in  the  Greeks  and  Romans 
of  ancient  times,  and  in  the  Irish  and  Scotch  of 
modem,  under  the  employment  principally  of 
vegetable  food. 

For  the  purpose  of  ensuring  the  proper  support 
and  nourishment  of  the  body,  nature  has  wisely 
given  the  strong  impulse  of  huiiger  and  thirst,  by 
means  of  which  animals  are  led,  by  a  law  of  con- 
tinual operation,  to  look  out  and  procure  for 
themselves,  n  proper  quantity  of  foo<l.  Some  have 
thought  that  the  immediate  cause  of  hunger  was 
mere  emptiness,  by  means  of  which  the  coats  of 
the  stomach  either  spontaneously,  or  through  the 
means  of  the  folds  produced  in  the  villous  coat,  by 
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the  conuaction  of  tbe  muscular,  rub  a 
other,  and  produce  ihe  peculiai'  sensatuHi.  Otben 
are  of  opinion,  that  it  Is  attributable  to  a  cemin 
degree  of  irritation  produced  by  the  action  of  tbe 
gwtric  juice ;  and  otiiers,  that  it  is  to  be  < 
sidered  as  a  sensation  depending  on  sympi 
with  the  wants  of  the  system  at  large.  None  <l 
these  opinions  nppear  to  be  sufficiently  establisl: 
but  the  immediate  cause  of  the  sensation  i 
well  understood ;  that  it  is  however  connected,  n 
some  obscure  way,  with  the  nervous  system,  seena 
to  be  obvious  from  tlie  circumstance,  that  aojr 
powerful  affections  of  the  mind,  particularly  grief; 
any  interesting  and  absorbing  employments;  and 
various  narcotic  substances,  as  opium,  tobnccoi 
betle,  or  ardent  spirits,  will  suspend  or  dtminid 
the  disposition  to  take  food.  The  existence  of  ■ 
meclianical  agency  in  producing  the  sensation  of 
hunger,  seems  to  be  likewise  contradicted  by  Uk 
well-known  fact,  that  apgietite  will  often  eoliiely 
disappear,  if  tlie  hour  of  taking  food  is  passed 
over;  though  one  has  heard  that  the  swallowing 
bolls  of  earth,  and  the  application  of  tight  ligatures 
round  the  body,  will,  in  some  cases,  deaden  the 
feeling  of  hunger.  —  A  good  deal  of  llie  some  dit 
ficulty  attaches  likewise,  to  an  endeavour  to  ac- 
count for  the  existence  of  thirst.  This  seosatioi) 
seems  to  be  much  connected  witli  various  i 
rangements  of  the  system,  and  it  is  but  j 
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dependent  on  absolute  privation  of  driukt  as 
hunger  is  of  food.  We  principally  refer  it  to  the 
montli  and  fauces ;  yet  in  that  extraordinary  case 
which  I  mentioned  to  you,  of  a  wound  in  the 
gullet,  no  quantity  of  water  taken  into  the  nioutli, 
and  passed  out  at  tlie  wound,  could  quench  thirst; 
but  a  small  quantity  of  fluid,  particularly  weak 
spirit  and  water,  injcctetl  into  the  stomach,  remark- 
ably abated  it. 

"When  the  food  has  remained  as  long  in  tlie 
stomach  as  is  necessary  for  its  conversion  into 
chyine,  an  action  of  its  muscular  coats  takes  placC) 
by  means  of  which  it  is  passed  on  to  the  pylorus, 
and  through  this  into  the  intestines ;  and  here  I 
may  observe  generally,  that  in  graminivorous 
animals,  the  canal  is  longer  than  in  man  and  car- 
nivorous animals,  in  order  to  afford  still  further 
time  for  assimilation,  and  for  tlie  nutritive  part  to 
be  taken  up.  In  the  lion,  the  intestinal  canal  Is 
about  ih  limes  the  length  of  tlie  body ;  in  man 
about  5J  limes;  but  in  the  horse  it  is  about  11  , 
^times,  and  in  the  antelope  18  times. 

^K  CHARLES. 

^P  Is  there  any  distinction  made  between  the  dif- 
ferent parts  of  the  intestuies  ? 

DR.  A. 

The  intestines  are  divided  into  the  small  and 
The  smalt,  are  those  which  are  immediately 
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continuous  with  tlie  stomach.  They  consist  of,  Istt 
the  dtwdenum,  which  is  so  called  from  its  beii^ 
about  twelve  inches  long;  2d,  Hie  jtyumtm,  (lam 
its  being  often  found  empty;  and,  3d,  the  /tw*. 
from  its  occupying  the  iliac  region,  or  that  between 
the  two  hip  bones.  —  The  small  intestines  are 
mostly  occupied  in  perfecting  the  assimilation  rf 
tlie  food,  and  in  affording  an  opportunity  for  its 
absorption.  —  The  large  intestines  are  a  coDtinu- 
ation  of  the  small,  and  are  termed,  1st,  tlie  ca 
which  is  so  called  from  its  being,  in  some  degn^ 
a  cu1<de-sac ;  2d,  the  colon,  which  nearly  encircles 
the  abdomen,  and  terminates  in,  3d,  the  rectum 
and  these  three  last  are  the  receptacles  of  the  food, 
after  having  parted  witli  most  of  its  nourisbmcut) 
and  become  excremcntilious. 

CHARLIilS. 

Does  tiie  structure  of  the  intestines  bear  aoy 
analogy  to  that  of  the  stomach  ? 


It  is  very  similar,  there  being  a  villous  or  rau- 
cous lining,  followed  by  layers  of  longitudinal  and 
circular  fibres,  and  tlien  by  an  external  covering 
which  is  common  to  all  the  organs  contained 
the  abdomen.  By  means  of  these  muscular  fibres, 
the  food  is  gradually  carried  downwards,  by  a  sort 
of  gentle  vermicular  motion,  which  is  technically 
termed  \\is peristaltic  motion  of  the  intestines.  Next 
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^|b  the  stomach,  the  most  important  change  which 
the  food  undergoes  is  in  the  first  intestine,  the 
duodenum,  where  the  bile  and  pancreatic  juice  are 
added  to  it ;  but  over  the  whole  course  of  the 
canal,  fluids  are  poured  into  it  from  the  cxhalent 
vessels,  for  faciUtating  the  conversion  of  the  food 
into  nourishment,  or  for  covering  and  defending 
the  inner  coat  from  injuries  by  the  occasional 
passage  of  any  irritating  matter.  The  bile  is  a 
yellow  bitter  fluid,  secreted  from  the  liver,  and 
poured  into  the  duodenum  at  a  short  distance  irom 
the  stomach.  There  is  also  a  little  receptacle  for 
the  bile,  which  is  called  the  gall-hladder,  and  in 
this,  gall-stones,  when  they  occur,  are  formed, 
which  often  give  extreme  pain  in  their  passage 
into  Uic  intestine, 

SOPHIA. 

It  is  very  usual  for  persons  to  be  bilious ;  and 
I  presume  this  is  from  some  disease  in  which  the 
bile  is  concerned. 

nn.  A. 
Bilious,  and  nervous,  are  two  terms  which  have 
no  well-defined  meaning  annexed  to  them.     Per- 
sons call  themselves,  and  are  often  termed  bilious, 
who  are  subject  to  some  one  or  other  of  the  va- 

^rious  affections  in  which  the  stomach  or  bowels 

e  concerned ;  but  in  by  far  the  greater  number 

f  such  complaints,  the  liver  is  only  concerned  as 

K.  3 


a  part  of  the  organs  of  digestion,  and  in  no  othi 
or  primary  way. 

HARRIET. 
People  are  often  said  to  have  aiFections  of  t 
liver ;  atid>  indeed,  one  would  imagine,  to  hear 
the  frequent  attacks  of  this  organ,  that  it 
most  susceptible  one  of  the  body. 

DR.   A. 

It  is  a  very  important  organ;  and,  in 
climates,  it  is  particularly  liable  to  disease, 
the  more  temperate,  however,  it  is  much  less 
and  it  often  happens,  that  diseases  are  reier 
specially  to  the  liver,  which  are  only  affections 
the  large  intestine,  the  colon,  which  is  contiguous 
it.  The  LivHR  is  a  large,  6rm,  and  dusky  i 
coloured  organ,  which  is  on  the  right  side  of 
body,  lying  dii'ectly  under  the  ribs 
fix)m  the  chest  by  the  diaphragm,  and  not  ci^l 
of  being  discovered  by  the  touch,  unless  it  is  < 
iarged.  It  is  divided  into  two  principal  parts 
lobes,  and  the  left  one  lies  over  the  stomach, 
is  liberally  supplied  with  blood-vessels,  and  frt 
the  eiitremities  of  these  vessels  the  bile  is  secrete 
which  arises  in  small  tubes,  that  unite  into  lai^ 
ones,  and  then  into  a  duct,  by  which  the  bile 
either  directly  from  the  liver  into  the  intestine, 
into  the  gall-bladder,  and  liom  thence  is  thro< 
into  the  intestine.  But  the  bile,  in  the  latter  ca: 
is  of  a  thicker  and  darker  description  than  wh 


4 

i 


h^i^i^ 


ABDOMINAL   VISCERA. 


pSlfccomes  from  the  liver  directly.  There  is  a  curious 
structure  which  nature  adopts,  to  prevent  a  tube> 
which  is  destined  to  throw  out  a  fluid  from  «ny 
organ,  from  allowing  its  return.  This,  it  is  clear, 
wouid  be  liable  to  happen,  if  it  entered  at  a  right 
angle,  or  any  thing  like  it ;  but,  instead  of  doing 
so,  it  pierces  tlie  external  coat  very  obliquely,  then 
passes  on  between  the  coats,  and  enters  the  intes- 
tine in  such  away,  that  the  inner  coat  of  the  latter 
acts  as  a  valve,  and  is  shut  against  pressure  from 
the  intestine.  A  similar  structure  is  adopted 
in  throwing  the  pancreatic  Juice  into  the  intes- 
tine. This  fluid  much  resembles  saliva,  and  has 
an  operation  in  promoting  the  assimilation  ol 
the  foo<l,  which  is  but  little  understood.  It  is  se- 
creted by  the  pancueas  or  sweetbread,  an  organ 
which  lies  across  the  abdomen,  and  is  of  a  glan- 
dular structure;  and  it  is  thrown  into  the  intes- 
tine through  a  duct  having  an  opening  common  to 
it  and  the  bile.  You  will  be  able  to  understand 
the  relative  positions  of  the  stomach,  gall-bladder, 
duodenum,  and  pancreas,  from  the  sketch  which  I 
now  shew  you,  in  which  A  is  the  stomach  ;  B  B  the 
duodenum ;  c  the  gall-bladder ;  e  f  g  the  gall 
ducts,  of  which  E  is  the  hepatic  duct,  which 
brings  the  bile  from  the  liver  both  to  the  gall- 
bladder and  the  intestine ;  f  tlie  cystic,  which 
takes  it  to  the  gall-bladder;  and  q  the  common 
duct,  which  carries  it  both  from  the  liver  and  the 
K   4 
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gnll-bladdei-  into  the  intestiae, 
which  unites  with  a  duct  from 
pour  the  bile  and  pancreatic 
common  opening  into  the 
stone  passes  into  the  intestine, 
course  must  be  from  the  gall 
the  cystic  duct  F|  and  the 
duodenum,  at  the  place  where 


by  the  dotted  tub^ 
D,  the  pancreas,  to 
juice  by  the  same 
Whenagiil 
it  is  clear  that  its 
bladder  c,  throng 
duct  c  into  the 
the  two  tiibes  unite. 
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^P>''  In  thesketch  which  I  shall  next  shewyou,  the  ribs 
are  supposed  to  be  removed,  and  also  the  coverings 
of  the  abdomen,  so  as  to  give  a  general  view  of  the 
contents  of  the  cavities  of  the  chest  and  alxlonien. 
Those  of  the  latter,  only,  come  under  constder- 
nlion  at  present;  but  I  shall  give  you  the  refer- 
ences to  the  whole  at  once. 
I'  No.  1.  is  the  trachea,  or  windpipe; 
No.  2.  the  internal  jugular  vein  ; 
No.  S.  the  subclavian  vein ; 
No.  4.  the  vein  called  the  upper  vena  cava ; 
No.  5.  the  right  auricle  of  tlie  heart; 
No,  6.  the  right  ventricle  of  ditto ; 
No.  7.  part  of  the  left  ventricle  of  ditto ; 
No.  8.  the  aorta,  or  large  artery ; 
No.  9.  the  pulmonary  artery  ; 
No.  10.  the  right  lobe  of  the  lungs ; 
No.  11.  the  left  lobe  of  the  lungs ; 
No.  12.  is  the  diaphrngm,  or  separation  between 
the   chest  and  abdomen;  and  the  following  are 
viscera  belonging  to  the  abdomen,  viz. 

I  No.  13.  the  liver; 
No.  14.  its  round  ligament; 
No.  IS.  the  gall-bladder ; 
No.  16.  the  stomach; 
No.  1 7.  the  small  intestines ; 
No.  18.  the  spleen. 
In  tlie  sketch  which  I  have  just  shewn  you,  the 
large  intestines  are  supposed  to  be  removed  ;  but 
K  5 
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>otbafl 


you  may  judge  of  their  poGitioD  from  ani 
sketch,  in  wbich  a  designates  the  commencemi 
of  the  colon,  with  the  ileum  attached  to  it  at  itc 
bottom,  ascending  past  the  lirer ;  and  b,  the  arch 
of  the  colon,  passing  under  and  close  to  the 
macb :  at  c,  the  colon  tbrms  what  is  called 
sigmoid  ^exure,  from  a  resemblance  of  its  ci 
to  tlie  letter  sigma,  and  terminates  in  d  the  recti 
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I-  Over  the  whole  o{  the  mtestuies,  I  must  ob- 
Mrr^  is  thrown  a  thia  double  membrane,  oSlitn 
contaitiing  much  fat,  which  is  termed  the  omentum 
or  caal ;  and  the  substance  by  which  the  various 
^BiitHestines   are  joined  together   is   coUed  the  mt- 

^V^  CHARLES. 

There  is,  I  suppose,  some  mode  by  which  tlie 
liver  is  supported,  for  its  weight  would  otlicrwise 
be  hkely  to  carry  it  downwards  ? 

kDR.  A. 
This  is  effected,  both  in  the  liver  and  other 
ffgans,  by  what  are  termed  ligamfnfs,  by  means 
of  which  these  are  tied  or  united  to  some  fixed 
parts.  In  the  case  of  the  liver,  its  principal  adhe- 
sions are  to  the  diaphragm,  which,  as  I  mentioned 
before,  is  die  partition  between  the  cavity  of  the 
chest  nnd  the  abdomen. 

CHARLES. 

Are  these   ligaments   fixed   to   any  particular 

part  of  the  diaphragm  or  liver?  I  can  understand 

how  a  ligament  is  fixed  to  a  solid  body,  as  a  bone: 

but  it  is  more  diSicult  to  conceive  an  attachment 

to  a  sofl  part. 

^L  Da.  A. 

^^B  'lliis  involves  a  very  curious  and  important  part 

^^■f  abdominal  structure,  which  I  must  endeavour 

^Bo  explain  to  you.    The  whole  of  the  walls  of 
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the  cavity  of  the  abdomen,  including  the  dia- 
phragm, are  Uned  with  a  thin  fine  membrane, 
called  peritoneum.  This  membrane  affords  an 
external  covering  to  the  liver,  spleen,  stomach, 
and  intestines;  and  by  the  doubling  over,  which 
necessarily  occurs  at  various  places,  there  b 
binding  of  the  dlflerent  parts  togetlier.  Thus  at 
diaphragm,  the  peritoneum,  instead  of 
the  whole  of  this  partition  widiout  interruption, 
reflected  over  the  liver;  and  if  you  can  concei' 
the  two  surfaces  brought  around  it  so  as  to  unite, 
you  would  then  have  a  hgament,  or  bond  of  union 
formed,  and  the  large  heavy  body  of  tlie  liver 
prevented  from  descending.  It  is  in  this  way  that 
various  doublings  or  folds  of  the  peritoneum  are 
formed,  which  are  important  in  the  minuter  ana- 


icb, 
lich  ^ 


Itomy  of  the  abdomen.  ^H 

•CttABLER.  ,^M 

I  must  own  that  I  cannot  quite  understand  tba^f 
account  which  you  give  of  the  peritoneum;  or  bov^H 
it  can  afford  a  covering  to  tlie  viscera  of  tlie  ab-^H 
domen,  without  being  in  separate  pieces.  ^H 

fl 
If  vou  suppose  this  room  to  be  lined  wiili  chints,  ^B 


If  you  suppose  this  room  tobelined  wiili  chint^ 
or  any  other  thin  material,  how  would  you  con- 
trive to  cover  the  cabinet,  which  stands  at  a  little 
distance  from  the  wall,  by  a  mere  prolongation  or 
fulness  of  the  chintz  ? 


r 
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We  must  bring  it  round  the  cabinet  first,  and 
then  make  it  firm  to  the  wall. 


That  would  merely  cover  tlie  front  and  two 
sides  of  the  cabinet,  while  the  back  of  it  is  un- 
covered, as  well  as  the  wall  which  answers  to  the 
back.  This  does  not  accord  with  the  description 
which  I  give  you  of  the  peritoneum,  that  it  covers 
the  walls  as  well  as  tlie  Himiture  of  the  abdomen. 

CHARLES. 

If  we  carried  the  chintz  round  the  cabinet, 
and  brought  the  two  ends  together  behind,  we 
should  cover  tlie  cabinet ;  and  then  the  two  ends, 
by  being  separated,  would  cover  the  wall  com- 
pletely behind  it. 

DR.  A. 

This  is  the  mode  in  which  the  peritoneum 
covers  the  abdominal  viscera  and  the  walls  of  the 
containing  cavity.  If  j'ou  suppose  separate  pieces 
of  furniture,  all  which  require  covering  by  means 
of  the  chintz,  you  will  see  clearly  that  an  uninter- 
rupted prolongation  of  the  same  material,  may 
give  a  covering  to  various  separate,  and  very 
irregular  bodies. 

HARRIET. 

Then  these  bodies  must  all  be  joined  together 


I 
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by  a  double  fold  of  the  peritoneum,  just  as 
happens  that  there  is  a  double  fold  of  chiotz 
the  back  of  the  cabinet  joiuing  it  to  the  wall. 


This  IS  exactly  the  case;  and  you  see  that  thei 
is,  by  this  means,  an  attactiment  of  tlie  cabinet  t 
the  wall,  just  as  happens  in  the  abdomen, 
there  is  an  attachment  of  the  liver,  and  the  olh 
viscera,  to  neighbouring  parts,  by  the  doublings  t 
the  membrane,  which  affords  them  all  a  coverinf 
If  you  were  to  suppose  all  the  furniture  of  the  rooo 
covered  with  prolongations  of  the  same  lining  then 
would  then  be  various  doubUngs  from  the  walfa 
or  floor,  in  order  to  accomplish  the  purpose, 
this  way,  the  various  meonderings  of  the  intestinal 
are  held  together;  and  the  doubling  by  wbiA 
this  is  effected  is  termed  the  mesenleiy.  Wbew 
strength  of  support  is  required,  there  are  Rrmel 
and  tighter  doublings  provided;  where  attad^ 
ment  only  is  wanted,  the  covering  is  loose. - 
is  merely  necessary  to  notice  tlie  spleen,  whidfi 
is  another  of  the  viscera  of  the  abdomen,  and 
lies,  as  I  have  already  mentioned,  on  the  left  s 
of  die  body,  contiguous  to  tlie  stomach,  to  whtdl 
it  is  attached  by  blood-vessels.  It  is  of  a  dark 
pui'ple  colour,  very  full  of  blood,  of  an  irregular^ 
flattened,  oblong  flgure,  and  with  no  perceptibla 
duct.    Its  uses  have  not  yet  been  ascertfuned;  and 
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that  tbey  are  not  of  prime  consequence  in  the 
soimsl  economy,  is  apparent  from  the  circum- 
stance, that  it  has  been  removed  from  clogs,  with- 
out affecting  their  health.  It  is  apt  to  be  enlarged 
by  residence  in  a  tropical  climate ;  and  in  this  case 
forms  what  has  been  vulgarly  termed  tlie  ague  cake, 
from  its  frequently  being  the  consequence  of  in- 
termittent complaints.  —  In  addition  to  the  at>- 
dominal  viscera  which  I  have  mentioned,  I  may 
remark  that  there  arc  two  or  three  other  organs 
not  suitable  for  elucidation  by  conversation,  and 
which  must,  if  they  are  made  the  subject  of  atten- 
uon,  be  studied  in  books. 
^^k  CHARLES, 

^^r  It  appears  from  what  you  have  stated  to  us  on 
^^ne  subject  of  digestion,  that  this  process  consists 
^^Bf  two  series  of  operations ;  one  occurring  in  the 
^pStomach,   by  which   the   food   is  converted  into 
chyme;  the  other  in  the  bowels,  by  which  it  is 
converted  Into  chyle ;  for  I  presume  that  chyle  is 
never  to  be  found  in  the  stomach. 


IL: 


DEL.  A. 

It  makes  its  first  appearance  in  the  duodenum, 
■jtr  the  mass  which  has  been  transmitted  from 
the  pylorus  has  been  mixed  with  the  bile  and 
pancreatic  juice;  but  it  is  continued  to  be  (brnied 
during  the  whole  course  of  the  small  inlestmes. 
Over  the  whole  interior  of  these  intestines,  and 
more  sparingly  in  tlie  large  ones,  minute  vessels, 
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called  lacteaU,  as  I  mentioned  to  you,  open,  Tor 
tlie  purpose  of  taking  up  the  chyle.     They  carry 
it  on  to  the  mesentery  (that  part  of  the  douhUng 
of  the  jieritoneum  which  unites  the  folds  of  the 
intestines   together),    to   several  series  of   small 
glandular  bodies,  existing  in  the  substance  of  the 
mesentery.     Over  them  tlie  lacteals  are  divided 
into  minute  ramifications,  unite  again  into  large 
branches,  are  again  dispersed  over  other  series  of 
these  glands  three  or  four  times,  and  then  again 
produce  a  small  number  of  larger  trunks,  which 
join  in  forming  one  long  one ;  which  is  called,  at 
its  commencement,  tlie  receptaadum  cfii/li,  or  re- 
ceptacle of  the  chyle,  and  in  its  continuance,  tbefl 
thoracic  duct.    These,  together,  form  a  small  r 
branous,  tortuous  canal,  several  inches  in  lengl 
about  the  thickness  of  a  small  quill,  and  a  littl 
wider  at  its  commencement,  where  it  is  termed  tl 
receptacle  of  the  chyle,  than  in  its  progress,     id 
lies  close  to  the  spine,  accompanies  some  of  thfi'l 
large  blood-vessels,  and,  ascending  to  the  upperT 
part  of  the  chest,  delivers  its  contents  into  a  large  4 
vein  near  the  heart,  called  the  left  subclavian ;  and  I 
these  contents  tlieii  form  a  part  of  the  general  mass  I 
of  blood.     The  whole  process  is  termed  absokf-  1 
TioN.     You  will  be  able  to  form  some  idea  of  the  f 
course  of  the  thoracic  duct,  from  the  little  sketch  | 
which  I  now  shew  you,  in  which 
No.  1.  is  the  left  subclavian  vein; 
2.  the  intenial  jugular  vein  , 
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3.  part  of  the  vein  called  azygos,  or  v 

witliout  a  fellow ; 

4.  part  of  the  descending  aorta,  or  greal 

artery ; 

5.  the  Giibclavian  artery. 

6.  lacteaLi  entering  the  receptacle  of  ibl 

chyle ; 
7-  lymphatics  entering  ditto ; 
8,  9.  the  thoracic  duct ; 
10.  the  entrance  of  the  thoracic  duct  inW 
the  subclavian  vein. 

HAnniET. 
How  very  simple  and  intelligible  you  have  mad 
this  route  of  the  chyle  to  the  circulating  system 
But  b  the  chyle,  in  its  milky  form,  fitted  at  one 
to  unite  with  the  blood,  and  perform  its  variou 
functions  ? 

DR.  A. 

By  no  means.  It  has  to  pass  through  the  d 
lationj  and  there  you  will  find,  that  there  are  som 
processes  to  which  the  compound  fluid  must  b 
subjected,  before  it  is  adapted  to  nourish  the  bod] 

CHARLES. 

The  divisions  which  the  Inctenls  suflfer  in  1 
mesenteric   glands  are,   I  presume,   intended 
complclc  the  adaptation  of  this  fluid  to  em 
the  blood. 

DR.  A. 

Such  n  puipose  is  exceedingly  likely ;  but 
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know  very  little  of  the  particular  structure  of 
glands,  so  as  to  be  able  to  form  any  conjecture  ss 
to  the  niotle  in  which  nature  makes  tliem  useful. 
The  proper  and  pervious  state  of  the  mesenteric 
gUnds  is  essential  to  the  health  of  the  body ;  for 
in  case  of  their  obstruction,  or  of  their  want  of 
due  action,  tlie  chyle  b  imperfectly  taken  up,  or 
unduly  elaborated ;  and  as  the  system  is  in  this  way 
not  adequately  nourished,  emaciation  takes  place. 
Mesenteric  disease  is  therefore  a  vei^  formidable 
complaint,  and  is  sucli  as  children  are  particularly 
liable  to,  more  especially  in  targe  toniis;  though  it 
is  very  probable  that  complaints  ascribed  to  the 
mesentery  alone,  belong  to  much  of  the  process  of 
digestion  and  assimilation. 

CHAIILES. 

The  mouths  of  the  lacteals  take  in  their  contents, 
I  suppose,  by  capillary  attraction;  but  I  cannot 
understand,  in  this  case,  why  tbey  should  not 
imbibe  any  fluid,  whether  nutritive  or  not,  which 
may  be  applied  to  them. 


p  There  seems  to  be  a  power  of  contraction  in 
those  vessels,  by  means  of  which  tbey  refuse  en- 
trance to  any  substance  of  an  Injurious  nature. 

CHARLES. 

'  But  in  what  way  are  tlie  contents  propelled?  for 
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capillary  sttraction  would  only  operate  while  I 
vessels  were  of  a  cerlmu  size. 

DR.  A. 

Tlirouglioiit  both  the  lacteal  vessels,  and  tl 
racic  duct,  valves  are  placed,  which  prevent  i 
fluid  which  has  once  entered  them  from  re( 
tating ;  and  a  valve  likewise  exists  for  the 
purpose,  at  the  termination  of  the  thoracic  duct,  i 
the  great  vessels  which  I  mentioned  to  you  that 
joined.  These  valves  give  a  knotted 
to  the  lacteals  and  thoracic  duct,  and  seem  to  t 
produced  by  a  doubling  or  folding  of  the  inw 
membrane  of  the  tube.  In  this  way  the  return  of  tl 
chyle  is  prevented ;  but  there  is  likewise  a  contrai 
tile  power  allotted  to  llie  lacteals  and  thoracic  diK 
by  means  of  which  a  contraction  takes  place  ovi 
their  contents,  so  as  to  propel  them  forward, 
there  had  not  been  valves,  the  action  might  hai 
thrown  the  contents  either  way,  and  thus  part  i 
such  action  would  have  been  lost  j  but  with  th 
structure,  all  the  contractile  force  is  employed  i 
propulsion. 

CHARLES. 

There  must  then,  I  suppose,  be  a  musculi 
structure  in  the  lacteals  and  thoracic  duct,  1 
produce  this  effect. 

DR.  A, 

The  coats  are  too  thin  to  admit  of  such  a  si 
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lure  bdng  discovered  by  the  eye;  but  the  vessels, 
though  very  thin,  and  indeed  imperceptible  when 
empty,  are  very  strong,  and  have  a  power  of 
emptying  themselves  even  after  death ;  since  the 
Inctents  which  may  be  visible  on  the  mesentery  of 
animals  immediately  after  death,  from  having  chyle 
in  them,  soon  cease  to  be  so,  from  the  chyle  being 
passed  onwards.  The  thoracic  duct  likewise,  on 
being  opened,  has  been  known  to  tlirow  off  its  con- 
tents, like  blood  from  a  vein.  It  is  to  be  observed, 
that  there  is  a  similar  structure  both  in  the  veins 
and  the  lacteals,  which  assists  this  motion,  viz.  that 
the  trunk  is  smaller  than  all  the  branches  united ; 
so  that  an  acceleration  is  given  to  the  current*  the 
nearer  the  fluid  approaches  to  the  trunk  of  the 
absorbing  vessels.  There  is  still,  however,  a  good 
deal  of  dilUculiy  attaching  to  the  mode  in  which 
the  motion  of  the  chyle  takes  place,  and  an  inge- 
nious idea  has  lately  ascribed  it,  in  some  degree,  (as 
I  shall  have  occasion  to  mention  to  you,  when  I 
sjKak  of  the  mode  in  which  the  circulation  of 
the  blood  is  carried  on,)  to  the  effects  of  atmo- 
spheric pressure  operating  during  the  act  of 
inspiration. 

HARRIET. 

It  is  certainly  a  very  extraordinary  circumstance, 
It  animal  and  vegetable  food,  which  are  so  very 
[fferent  in  their  nature,  should  both  of  them  tit 
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time  be  equally  converted  into  blood,  and,  tbrou^ 
the  medium  of  this,  into  all  the  ^'arieties  of  e 
stances  which  exist  in  the  onixn&l  body.    If  the  u 
mate  elements  of  both  were  the  sanie,  there  v 
be  no  difficulty  in  the  idea ;  but  if  this  is  not  d 
case,  it  seems  to  be  by  a  sort  of  transmutation, 
hardly  less  perfect  than  that  of  lead  into  gold,  by 
wbicli  grass,  for  example,  is  so  altered  in  the  d' 
gestjve  organs,  as  to  be  capable  of  convemon  ii 
muscular  flesh. 


1 
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We  can  hardly  admit  the  production  of  a 
substance,  without  the  materials  being  afforded  o 
which  it  consists ;  and  if  we  cannot  account  fiir 
the  access  of  diese  materials,  it  only  evinces  that 
our  knowledge  of  the  ultimate  analysis  of  t 
bodies  from  which  such  new  substance  was  ( 
rived,  or  our  acquaintance  with  the  other  souro) 
from  which  its  component  parts  might  originate 
arc  not  sufficiently  accurate.  The  great  general 
distinction  between  ordinary  animal,  and  ordK 
nary  vegetable  matter,  is  the  absence  or  paud: 
of  azote  in  the  latter;  for  by  ultimate  analysa 
oxygen,  hydrogen,  and  carbon  are  fotmd  to  t 
common  to  both,  though  in  unet^ual  quantitjei 
What  may  be  the  source  of  that  large  portiod 
yf  azote,  which  forms  so  important  a  fea 
in  animal  composition,  is  a  matter  of  questJ<Hl 
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and  whether  it  may  arise  from  the  decompo- 
sition and  new  combination  of  substances,  which 
we  have  been  in  the  habit  of  regarding  ag 
simple,  has  not  yet  been  determined.  The 
most  accurate  researches  of  some  of  our  most 
sdeiitific  cliemists  have  pursued  tlie  food  from  its 
enU'aiice  into  the  stomach,  through  all  tlie  suc- 
cessive cliaiiges  which  it  undergoes  there,  and  in 
the  small  intestines,  and  also  in  various  parts  of  its 
course,  as  chyle,  up  to  it^  combination  with  the 
blood;  and  it  has  been  found  that  material  changes 
of  nature  in  the  nutritive  part  of  tlie  aliment  take 
place  thiough  every  part  of  the  progress,  by  means 
of  which  tJie  vegetable  matter  becomes  more  and 
more  animalizcd,  and  the  animal,  more  and  more 
maiiu  to  approximate  to  the  nature  of  blood.  It  is 
very  probable  that  varieties  may  even  occur  betweea 
tlie  precise  nature  of  tlie  gastric  juice  and  other 
secretions  to  which  the  food  may  be  exposed  in  its 
progress,  so  as  to  assist  in  the  more  ready  animal- 
izatiou  of  the  vegetable  matter;  and  as  we  exist  in 
a  Buid,  the  atmosphere,  of  which  the  larger  part 
consists  of  azotic  gas,  it  has  been  rendered  pro- 
bable, (as  we  shall  find  on  the  subject  of  respira- 
tion,} that  a  supply  of  azotic  gas  may  take  place 
from  the  atmosphere,  which  may  have  some  effect 
Id  making  up  the  balance  rendered  necessary  by 
!  use  of  vegetable  aliment  alone.  The  trans- 
lation of  vegetable  Ibod  into  animal  ntatter,  is 
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Still,  therefore,  a  subject  of  great  difficulty  witfc 
physiologists.  * 


CHAHLES. 


The  production  of  the  solid  material  of  bone^l 
the  phosphate  of  lime,  must,  I  should  conceive,  be 
a  ii)»ttcT  of  some  difficulty  in  the  tiieory  of  diges- 
UOn  i  imlcM  tlie  food,  whether  animal  or  vegetable 
haconsniered  as  affording  sufiicient  for  the  pui 
pWMoftlie  system. 


I 
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Lime  is  one  of  the  most  universally  t 
bodies  in  nature,  and  it  would  not  be  difficult  l| 
suppose,  that  enough  of  this  might  be  afforded  fa 
the  aliment  for  ordinary  purposes;  but  then  iha 
are  some  animals,  as  the  testaceous  and  crusti 
ceous,  in  which  so  large  a  quantity  is  requisite,  a 
to  make  it  impossible  to  consider  the  supply  as  d 
ponding  entirely  on  the  food  taken  in.  Some  ace 
rate  observations  have  been  made  as  to  llie 
111"  calcareous  matter  produced  in  eggs  in  a  cert 
time,  by  a  hen  fed  in  a  known  way ;  and  it  hai 
been  satisfactorily  ascertained,  that  more  calcareoni 
matter  was  elicited,  than  could  be  accounted  for  b 
that  which  was  received  as  ahment.  Here,  thei 
tiire,  there  was  either  a  generation  of  such  calci 
reous  nmtter  by  the  powers  of  the  system ;  or  iH 
substance  must  be  BCompound  body,  formed  by  s< 
decompositions,  or  new  combinations  of  substance* 
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whose  chemical  nature  and  mode  of  combuiaticHi 
have  not  been  sufBciently  understood.  Similar  diffi- 
culties have  occurred  ia  the  vegetable  kingdom;  for 
in  answer  to  a  prize*  question  proposed  by  the  Ber- 
lin Academy,  to  determine  the  constituents  of  the 
different  kinds  of  corn,  and  to  ascertain  whether 
their  earthy  part  is  formed  by  the  process  of  vege- 
tation, it  was  at  length  discovered  by  Schrader, 
a  Prussian,  that  seeds  will  grow  and  produce  com, 
yielding  as  much,  or  more  earthy  matter  than  the 
(H'iginal  seed,  when  removed  from  all  contact  of 
earth,  and  watered  merely  with  distilled  water.  , 
The  experiment  was  made  on  seed  planted  in  sul- 
phur, placed  in  a  garden,  at  a  distance  from  all 
dust,  in  a  box  to  which  the  light  and  air  had  free 
access,  but  from  which  all  dust  and  rain  were 
carefully  excluded.  In  confirmation  of  the  same 
extraordinary  circumstance,  Saussure  found,  that 
plants  growing  in  a  calcareous  soil,  which  con- 
tuned  little  or  no  silica  or  fiint,  will,  never- 
theless, yield  a  considerable  portion  of  that  sub- 
stance; and  other  chemists  have  discovered  in  the 
ashes  of  some  descriptions  of  pines,  more  tlian  65 
per  cent  of  hnie,  when  no  traces  of  this  substance 
could  be  found  in  the  soil.  All  tliese  circum- 
stances, therefore,  discover  that  the  powers  of 
chemistry  are  inadequate  to  detect  the  processes 
which  are  continually  carried  ou  in  the  animal>  as 

^L  VOL.  II.  L 


f 


Ufai 


well  as  the  vegetable  economy,  for  supporting  life 
and  promotiiig  growth. 

HARRIET. 

You  spoke,  when  you  were  on  the  subject  of  tte 
brain  aiid  nervous  system,  of  galranism  haviuc; 
some  iofluence  on  the  fimction  of  digestion.  In 
whftt  w»y  does  it  bear  i^dr  the  process  ? 


Digestion  is  found  to  depend  on  a  certain  in- 
tluence  propagated  from  the  brain  to  the  stotnaeh, 
through  the  medium  of  a  particular  nerve  which 
passes  down  the  neck  and  back,  and  is  called  tb« 
par  vagum,  or  wandering  pair  of  nerves.  If  these 
nerves  are  divided,  and  a  portion  of  them  remoTed) 
digestion  is  suspended ;  but  it  is  restored  on  salv 
stituting  galvanism  for  the  nattiml  nervous  energy, 
and  hence  it  has  been  conceived,  that  neri 
and  galvanic  influence  are  identical. 

In  mentioning  to  you  the  lacteal  vessels, 
omitted  the  notice  of  another  very  important 
llie  absorbent  system;  namely,  the  lyiapftatievessehi, 
tlie  contents  of  which  are  carried  into  the  blood, 
partly  through  the  medium  of  the  thoracic  duet 
(No.8,  9.  Page209.).  and  partly  by  separate  junc- 
tions with  the  large  veins  themselves,  near  the  place 
where  that  duct  joins  the  subclavian  vein. 
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HARRIET. 

I  recollect  that  you  gave  us  an  outline  of  the 
lymphatic  system,  when  you  conversed  on  the 
subject  of  the  bones ;  and  I  well  remember  liow 
curious  we  considered  the  continual  deposition 
and  absorption  of  llie  various  parts  of  the  body, 
which  you  then  mentioned  to  us. 

CHARLES. 

By  means  of  the  lymphatics,  the  body  seems  to 
tire  upon  itself,  since  the  fluid  which  they  con- 
tain, is  thrown  into  the  mass  of  blood,  witli  what 
is  intended  for  nourishment.  But  is  there  any 
similari^  in  the  structure  of  the  lymphatics,  com- 
pared with  the  kcteals  ? 


A  very  considerable  one,  both  in  appearance 
and  texture;  and  both  sets  of  vessels  pass  through 
glandsjand  are  endowed  with  valves,  in  order  to  pre- 
vent regurgitation.  The  glands  become  apparent* 
as  well  as  the  course  of  the  lymphatics  tliemselves, 
when  the  extremities  of  these  latter  are  irritated, 
or  in  any  other  way  injured.  For  instance,  when 
leeches  are  applied  to  any  part,  the  bites  will  oc- 
cssiooslly  fester,  and  in  this  case,  if  the  part  should 
be  the  band,  red  lines  will  be  seen  extending  up 
the  arm,  and  running  to  the  arm-pit,  in  which  a 
small  painful  knot  may  be  fek,  which  is  an  in- 
flamed lymphatic  gland.     Medical  gentlemen  have 
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sometimes  severe  affections  of  this  kind,  from  ac- 
cidental cuts  or  scmtcbes  got  in  dissection. 

CHARLES. 

Would  the  lymphatics  be  capable  of  being  s 
as  white  hnes  immediately  under  the  skin,  as  ] 
have  mentioned  to  be  the  case  with  the  1 
in  the  intestines  and  mesentery  ? 

DR.  A. 

The   lymphatics  are  always  invisible,   for  t 
fluid  which  they  contain  is  pellucid    like  water, 
and  not  of  a  milky  nature  like  chyle ;  and  the 
trunks  into  which  all  of  them  unite,  may  be  s 
to  pour  a  watery  material  into  the  thoracic  due 
(No.  7.  page  209.)  or  into  the  subclavian  vein  whl 
they  terminate  directly  in  that. 


SOPHIA. 

Except  for  this  proof,  it  would  be  very  diffico 
to  conceive  the  existence  of  such  a  minute  system 
of  vessels,  containing  a  transparent,  and  therefine 
an  invisible  fluid. 
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It  is  not,  however,  left  to  mere  general  infereni 
however  probable,  to  conclude  concerning  this 
system  of  vessels.  By  great  nicety,  a  lymphatic 
vessel  is  capable  of  being  discovered,  and  of 
ing  a  very  small  tube  fixed  in  it,  conununical 
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or  continuous  with  a  larger  one  containing  mer- 
cury. The  weiglit  of  the  mercury  forces  oti  the 
minute  stream,  tirst  into  branches,  and  then  into 
trunks,  till  not  only  the  existence  of  lymphatics  ib 
discoverable  in  all  parts  of  the  IxHly,  but  iheir 
union  in  glands,  their  departure  from  them  again 
in  branches,  their  subsequent  union  in  trunks,  and 
the  congress  of  their  trunks  in  a  common  centre. 
In  this  way,  the  whole  botly  has  its  lymphatics 
filled  with  mercury,  so  as  to  exhibit  an  extensive 
series  of  vessels  over  everj'part  of  it,  communicat- 
ing freely  with  each  other;  so  as  that  if  one  gland 
is  obstructed,  the  fluid  may  be  carried  on,  without 
interruption,  by  uniting  branches,  whicli  have 
passed  through  other  glands.  I  may  mention  to 
you,  that  lymphatics  have  not  yet  been  discovered 
in  tlie  brain ;  but  there  can  be  no  doubt  of  their 
existing  there,  as  well  as  in  other  parts  of  tlie 
body. 

SOPHIA. 

1  take  it  for  granted,  tliat  lacteals  and  Ij-mphatics 
exist  in  all  animals. 


An  absorbent  system  has  been  discovered  in  the 
mammalia,  birds,  amphibious  animals,  fishes,  and 
insects,  and  something  of  a  similar  kind  must  also 
exist  in  Uie  lowest  orders  of  the  creation.  Through- 
'ttit  the  mammalia,  there  is  a  very  great  resem- 
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bitince  in  the  Iscteal  and  lymphatic  system ; 
in  all  of  that  class,  the  chyle  is  white  and  tnilkjr. 
In  birds,  the  chyle  is  transparent,  as  well  as  the 
lymph ;  and  in  them,  as  weU  as  amphibious  ani> 
nials  and  fishes,  there  are  few  or  no  glands  and 
valves.  There  are  various  differences  in  asimals, 
in  the  direction  and  course  of  the  lymphatic  vet- 
sels,  and  in  the  variety  of  shape  and  number  of 
trunks  in  which  they  terminate. 


i 
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HARRIET. 

There  seems  to  be  this  curious  di&rence  b^ 
tween  the  action  of  the  lacteals  and  the  lymphaticsi 
that  the  former  only  take  up  one  particular  BUb> 
stance,  chyle,  while  the  latter  appropriate  to  them* 
lielves  every  thing  with  which  they  come  into  con- 
tact. It  seems  as  if  they  blended  together  all  tbo 
materials  of  which  the  body  is  composed,  whether 
bones,  flesh,  or  membrane,  into  one  general  and 
uniform  mass,  to  be  again  and  again  mode  sub- 
servient to  the  purposes  of  the  animal  economy. 


This  is  the  case ;  and  a  singular  and  beautiful  dp-M 
cumstance  it  is,  that  there  should  be  such  a  great  and 
unceasing  activity  employed,  as  I  before  explained 
to  you,  over  every  part  of  the  system,  in  moulding 
it  to  its  particular  form,  in  taking  ofF  what  it  w< 
jurious,  and  in  contributing  to  a  due  balance  c 
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action  in  the  various  parts  of  the  animal  bcxly. 
Bat  the  lymphatic  vessels,  it  is  necessary  to  men- 
tion to  you,  not  only  carry  back  into  the  system 
what  originally  beloi^ed  to  it,  but  from  their 
diffusion  on  tlie  skin,  have  the  power  of  imbibing, 
sometimes  spontaneously,  and  sometimes  by  means 
of  friction,  substances  which  come  in  contact  with 
the  skin.  Thus  portions  of  mercury,  lead,  and 
other  deleterious  substances,  can  be  taken  in,  and 
produce  well-marked  effects  on  the  system,  through 
the  medium  of  the  skin ;  and  moisture  can  be 
absorbed  by  the  skin,  either  wlien  the  body  is  im- 
mersed in  water,  or  in  air,  though  in  various 
decrees  according  to  the  condition  of  the  animal, 
and  the  circumstances  under  which  it  is  exposed. 


CONVERSATION  XVII. 

OF   THE    CIECULATION    OF   THE    BUy>D. 


We  have  followed  the  course  of  the  nutritive 
of  the  food,  up  to  its  introduction  into  the  circi 
tion  ;  and  in  natural  order,  we  come  now  to  coi 
sider  the  mode  in   which  the  circulation  of  tbft 
blood  is  carried  on, 

The  heart  and  blood-vessels  are  the 
employed  in  this  process ;  and  these  last,  I  ban 
already  mentioned  to  you,  consist  oi  arteries,  whid 
are  employed  to  transmit  the  blood  to  the  Tarioo) 
parts  of  the  body  from  the  heart;  and  veins,  wfaldt 
are  employed  to  return  it  to  the  heart. 

HARRIET. 

These  vessels,  I  suppose,  are  of  the  same  nator^ 
though  they  dilTer  in  some  degree  in  their  office. 


In   that  supposition  you   are   much  mistaken 
The  arteries  are  of  a  much  thicker,  firmer. 
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more  elastic  nature  than  the  veins,  and  are  more- 
over distinguished  by  their  pulsation. 

SOPHIA, 

The  pulse,  then,  which  is  felt  at  the  wrist,  arises 
from  an  artery :  but  how  does  it  happen,  that  we 
do  not  tee!  pulses  in  other  parts  of  the  body,  as 
arteries  must  be  very  extensively  diffused  which 
we  see  that  veins  are  ? 


Arteries  are  in  general  deep  seated,  for  the 
purpose  of  their  protection  from  injury,  Tliere 
are,  however,  some  places,  where  ihey  are  readily 
felt,  and  their  pulsation  even  seen,  as  for  instance 
in  the  temple,  where  small  branches  arise  from  a 
ti'unk  which  passes  up  close  by  the  ear.  In  some 
other  places  they  may  likewise  be  felt  with  a  little 
care,  as  in  the  whole  course  of  the  arm,  from  the 
shoulder  to  the  elbow.  The  force  of  arterial 
pulsation  may  be  readily  imagined,  when  1  tell 
you,  that  tlie  motion  of  the  leg  which  is  to  be 
observed  when  one  leg  is  placed  across  the  other, 
arises  from  tlie  pulsation  of  an  artery  in  tlie  ham, 
and  which  it  would  be  dii!icult,  if  not  impossible 
to  stop,  by  any  weight  which  we  might  employ 
for  tlie  purpose. — The  general  view  of  the  cir- 
culation is,  that  the  heart  transmits  the  blood  to 
the  different  parts  of  the  body  by  the  arteries, 
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which  is  returned  by  the  veins  to  the  heart,  to  Ix 
again  circulated.  This  is  called  the  greater  eir' 
culation;  but  at  the  same  time  it  is  to  be  observed, 
tliat  there  is  aninteriDediate,or  lesser  ciradation^io 
which  it  is  also  to  be  subject  through  the  lungs.— 
TTie  mixture  of  chyle  and  lymph  oilers  the  veins; 
and  the  veins  convey  the  blood  vo  the  right  side 
of  the  heart,  from  whence  it  is  carried  tfaroogh 
the  lungs.  It  is  then  brought  back  to  the  left 
side  of  the  heart,  and  forthwith  transmitted  by 
the  arteries  all  over  the  body,  to  be  brought  back 
by  the  veins,  and  to  be  continually  subject  to  a 
repetition  of  the  same  career. 


HAHRtET. 

Then  there  appears  to  be  a  sort  of  double  di*  ' 
culation;  one  side  of  the  heart  drcalating  the 
blood  through  the  lungs,  the  other  over  the  body. 
But  I  wonder  why  the  lungs  should  not  derire 
their  blood  and  nourishment  in  a  way  similar  I 
other  parts  of  the  body,  through  the  medium  c 
the  arteries  from  the  left  side  of  the  heart. 


\ 
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DH.  A. 

The  nourishment  and  support  of  the  lungs  i 
effected  by  means  of  arteries,  in  the  way  which 
you  have  suggested ;  but  you  must  remark,  thtl 
when  blood  from  the  veins  is  first  received  i 
the  heart,  with  the  recent  addition  of  chyle  t 
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[ytnph  which  have  been  made  to  it,  it  is  not  fitted 
for  the  support  of  the  system ;  and  hence  it  is, 
that  the  lesser  circulation  takes  place. 

HARRIET. 

Does  the  blood  then  differ  in  diiferent  parts*  of 
the  body?  I  thought  that  it  had  all  been  alike  in 
nature,  as  it  is  in  appearance. 


But  it  is  not  alike,  either  in  nature  or  appear- 
ance ;  for  that  which  is  conl^ed  in  the  arteries, 
is  of  a  florid  red,  or  scarlet  colour;  that  which  is 
contained  in  the  veins,  is  of  a  dark,  or  modena 
red ;  and  the  former  only  is  fitted  for  the  nutritive 
purposes  of  the  system.  —  When  the  venous  blood 
is  received  into  the  heart,  it  is  of  a  very  dark 
colour.  It  circulates  through  the  lungs,  and  it 
returns  florid.  It  is  in  this  organ,  therefore,  that 
it  becomes  properly,  and  Anally  assimilated.  It 
returns  back  proper  blood,  is  circulated,  furnishes 
the  materials  for  the  growth  of  parts,  and  for  the 
formation  of  the  various  secretions  of  the  body; 
and  after  serving  these  purposes,  its  nature  is 
obanged,  it  is  returned  by  the  veins,  of  an  altered 
colour  and  character,  and  unable  further  to 
nourish  and  support.  It  receives  the  addition  of 
&esh  materials  from  the  food,  is  then  elaborated 

the  lungs,  and  again  undergoes  the  same  pr 


L  6 


I 


228  CIRCULATION    OF   THE    BLOOD. 

CHARLES. 

Has  the  change  which  the  blood  undergoes  in  i 
its  circulation  thorough  the  lungs,  been  ascer-  | 
tained? 


Tlie  changes  produced  in  the  lungs  depend 
principally  on  the  operation  of  the  air  in  respi- 
ration. This,  however,  will  come  under  our  more 
particular  notice,  in  considering  the  lungs,  andJ 
the  functions  to  which  they  are  subservient.  ^e| 
must  now  examine  the  great  organ  of  circulatiopf 
the  heart. 

The  Heaiit  is  principally  composed  of  in 
lar  fleshy  fibres,  of  considerable  strength.  It  i 
lodged  in  a  sort  of  bag,  called  the  pericardiyMt 
which  usually  contains  a  portion  of  watery  fluid  in 
it,  called  the  water  of  tlie  pericardium.  The  heart 
and  lungs  are  both  of  them  contained  in  tbecavi^ 
of  the  thorax,  or  chest.  This  cavity  is,  as  I  have 
stated  before,  separated  from  the  cavity  of  t 
abdomen  by  the  diaphragm,  which  is  i 
capable,  by  its  contraction  and  expansion,  of  ei 
larging  or  contracting  the  cavity  of  the  chest. 
is  so  placed  as  to  be  concave  outwardly :  that  a 
towards  the  abdomen;  and  convex  inwordln 
towards  the  chest;  and  has,  on  this  account 
been  aptly  enough  compared  to  the  shape  of  th< 
bottom  of  a  wine  bottle,  which  ascends  som 
distance  into  the  body  of  the  bottle,  just  as  t 
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diaphrngm  does  into  the  body  of  the  chest.  The 
chest  is  divided,  from  behind  forwards,  into  two 
parts,  by  a  double  membrane  called  Hie  medi- 
astinum, which,  however,  leaves  rather  less  space 
oil  the  left  side,  than  the  right.  The  lurigs  fill  up 
the  whole  of  the  right  side  of  the  chest;  but 
they  divide  the  left  with  the  heart,  which  occupies 
a  considerable  space  in  the  front ;  as  you  may  ob- 
serve in  the  sketch  which  I  shewed  you  at  our 
last  meeting.  The  /icart  lies  in  a  somewhat 
oblique  position  across  the  cliest,  its  apex  or  point 
being  towards  the  ribs,  on  the  left  side ;  while 
its  basis,  or  broadest  jjart,  is  higher  up,  end 
towards  the  centre  of  the  chest.  It  contains 
within  it  two  cavities,  or  vcvtrides,  one  of  which  is 
called  the  antaior,  or  right,  and  the  othert  the 
posterior,  or  lefl  ventricle.  It  has  also  at  its  basis, 
and  communicating  with  their  rcsjiective  ventricles, 
two  other  cavities,  called  auricles,  so  termed  from 
tlieir  resemblance  to  a  dog's  ear,  one  of  which  is 
designated  by  the  name  of  the  right,  and  tlie  other 
by  that  of  the  left  auricle.  Tlie  heart  may,  there- 
fore, be  considered  as  constituted  by  tlie  union  of 
four  hollow  muscles;  namely,  two  ventricles  and 
two  auricles,  each  of  them  having  a  power  of  act- 
ing separately  on  the  blooil,  which  passes  through 
them ;  but  the  muscular  flesh  which  makes  up  the 
ventricles,  is  very  much  thicker  and  stronger  than 
that  which  constitutes  the  auricles. 
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But  it  is  oecefisory  to  examine  more  particulate 
the  mode  in  whicli  tlie  circuktioo  is  carried  i 
tiirougli  the  heart;  and  in  order  to  make  myself 
more  intelligible,  I  shall  suppose  tliis  again  to  be 
divided  into  two  separate  parts,  the  one,  that  nhicfa 
transmits  the  blood  through  the  lungs ;  the  other 
that  which  conveys  the  blood  over  the  body. 
Each  or  those  parts  consists  of  an  auricle  and  a 
ventricle.  Now  the  blood  which  has  circulated 
over  the  body,  is  brought  back  to  the  heart  by  an 
ascending  and  descending  vein,  and  is  poured  in  a 
full  stream  into  its  right  auricle.  As  soon  as  the 
auricle  is  full,  it  contracts  on  its  contents,  and 
forces  them  into  the  right  ventricle.  When  this 
becomes  distended,  it  hkewise  contracts,  and  pushes 
the  blood  throughout  the  lungs,  by  means  of  the 
pulmonary  artery.  This  is  the  completion  of  the 
6rst  circulation,  and  in  the  sketch  wliich  I  have 
made,  you  will  see  that  aa  designates  the  ascend- 
ing and  descending  vena  cava,  which  unite  in 
transferring  their  blood  to  the  auricle  i,  which 
gives  it  up  to  the  ventricle  c,  and  tliis  to  the  pul- 
monary artery  d,  and  subsequently  to  tlie  lungs, 
which  ramify  into  various  branches  on  each  side 
of  the  sketch.  After  the  blood  has  circulated 
through  the  lungs,  and  has  had  those  changes 
produced  in  it  which  the  lungs  are  destined  to 
efiect,  the  second  circulation  commences,  by  tbs  . 
blood  being  transmitted  through  the  means  of  tt 
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pulmonary  vein  e  (or  rather  veins,  for  Uiere  are 
two  from  each  lung)  to  the  letl  side  of  the  heart, 
where  it  enters  the  left  auricle  y,  which  contracts 
upon  it,  and  forces  it  into  the  left  ventricle  g. 
This,  in  its  turn,  when  full,  contracts,  and  transfers 
it  to  the  ascending  aorta,  or  great  artery,  which  is 
designated  by  the  arrow  ascending  ftxim  the  ven- 
tricle g;  and  this  makes  a  curve  called  the  arch 
of  the  aorta,  from  wliich  various  branches  are  sent 
out  to  supply  the  head  and  upper  extremities ;  and 
descends  in  tlie  descending  aorta  kli,  to  be  diffused 
over  the  remaining  parts  of  the  body. 


How  exceedingly  interesting  is  this  delnil.  And 
I  do  not  despair  of  understanding  it,  through  the 
medium  of  the  sketcli  that  you  have  given  us.  If 
the  two  divisions  were  brought  together,  we  shoi 
have,  I  suppose,  a  sketcli  of  the  heart  as  a  wholel 


Certainly;  and  for  further  illustration  I  shal 
show  you  another  sketch,  in  which  the  heart 
exhibited  with  its  two  sides  joined,  or  locked  into 
each  otlter ;  though  you  will  find  it  rather  difficult 
to  comprehend  so  apparently  confused  an  assem- 
blage of  vessels  as  are  here  exhibited.  In  this 
sketch,  1  1  represent  the  large  veins,  the  cavs, 
answering  to  <?  a  of  the  former  one ;  2  2  represent 
the  right  and  left  aurictes,  answering  to  b/i  and 
having  the  pulmonary  artery  answering  to  dy  ex- 
panding to  the  lungs  on  each  side,  between  them; 
3  3  are  the  right  and  left  ventricles,  answering  to 
c  g  I  and  4  is  the  aorta,  answering  to  A  h^  tlie 
pulmonary  artery  answering  to  e  being  supposed 
to  be  concealed  by  tlie  auricles. 
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Is  tlie  molion  of  llie  blood  throiigli  the  heart 
quickly  performed  ?  I  suppose  the  beating  of 
the  heart  must,  in  some  way,  be  produced  by 
the  action  of  the  auricles  and  the  ventricles. 


The  beat  of  the  heart  evinces  the  contraction  of 
its  ventricles;  and  as  the  standard  in  a  healthy 
adult  is  about  70  in  a  minute,  jou  will  understand 
in  what  a  continual  and  rapid  alternation  of  fuU 
ness  and  emptiness  the  heart  is. 

CHARLES. 

But  as  the  difllCTent  parts  of  the  heart  act 
separately,  we  must  only,  I  suppose,  feel  the  beat 
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of  one  particular  part  at  a  time;  unless,  indeed, 
two  movements  can  go  on  at  once. 

DR.  A. 

And  this  last  is  the  case.  The  bent  is  produced 
by  the  forcible  contraction  of  the  ventricles,  which, 
taking  place  at  the  same  instant,  forces  the  blood 
which  is  in  the  right  side  of  the  heart,  t!iat  is,  in 
the  right  ventricle,  into  the  puhnonary  arte 
through  the  lungs ;  and  at  the  same  time  t 
blood,  which  is  in  the  left  side  of  the  heart,  1 
is,  in  the  left  ventricle,  into  the  aorta,  to  be  d 
persed  over  the  body. 

CHAKLES. 

But  then  the  auricles  receive  their  supply  fi 
the  veins,  just  as  frequently  as  the  ventricles  f 
on  the  blood  which  has  been  transmitted  to  tj 
Is  their   action,  of  passing  tlie  blood  on  to  i 
ventricles,  capable  of  being  felt  ? 

DR.  A. 

The  force  which  they  are  enabled  to  exerc 
is  much  less  than  that  of  the  ventricles  ;  and  so  ^ 
the  necessity  for  the  exercise  of  force ;  and  | 
haps  an  inspection  of  Uie  plan  may  aflts'd  yoi 
reason  for  these  circumstances. 

CHARLES. 

The  auricles  have  only  to  propel  the  blood  ii 
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the  adjoining  ventricle;  while  the  one  ventricle 
has  to  transmit  it  through  the  lungs,  and  the  other 
through  the  whole  body. 


Certainly ;  and,  therefore,  tlie  force  exercised,  is 
not  sufficient  to  produce  an  apparent  beaL  The 
action  of  the  respective  parts  of  the  heart  follow 
each  other  in  rapid  succession,  and  that  of  similar 
parts  in  each  side  have  an  accordance  of  move- 
ment. For  instance,  the  large  vetne  pour  in  the 
Uood  into  the  right  auricles,  at  the  sajoe  time  that 
the  pulmonary  veins  pour  it  into  Uie  left-  Both 
auricles  contract  at  the  same  time,  and  throw  the 
blood  simnllaneously  bto  the  ventricle  of  their  re- 
spective side ;  and  I  have  already  mentioned,  that 
both  ventricles  act  together,  and  form  the  beat 
In  professional  language,  tlie  action,  or  contrac- 
tion of  the  ventricles  of  the  heart,  consdtut@|  its 
systole ;  the  dilatation  its  diastole. 

CHARLEG. 

It  seems  to  be  singular,  that  the  contractions 
of  the  heart  should  only  take  place  when  the 
auricles  and  ventricles  are  fiiU  of  blood.  Is  there 
any  particular  reason  why  this  effect  does  not  oo 
cur  before  these  parts  are  ^ed,  and  thus  more 
ii«quent  pubatioDs  produced  ? 


I 
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In  all  muscles,  there  is,  by  the  laws  of  nature; 
some  particular  stimulus,  or  exciting  cause,  which 
produces  their  action.  This,  with  the  heart,  is  the 
blood;  and  both  the  nature  of  the  fluid,  and  dis- 
tension produced  by  it,  seem  to  be  necessary  to 
stimulate  the  muscular  fibres  to  contract.  The 
disposition  to  contract  is  so  strong  in  the  heart,  thst 
it  continues  in  some  animals  for  some  time  afier 
death;  and  Is  readily  excited  by  any  mechanical 
irritation,  even  when  separated  Irom  the  hodj. 
Thus  the  little  heart  of  a  frog  will  continue  its 
beat,  many  hours  after  the  death  of  the 
and  its  removal  from  the  body ;  and  the  touch 
a  jrainted  instrument  will  restore  it  after  it 
ceased. 

CHARLES. 

As  the  auricles  and  ventricles  are  separate 
vittes  in  which  the  blood  is  always  to  go  one  waji 
there  is,  I  suppose,  some  sort  of  valvular  structure^ 
as  there  is  in  tlie  lymphatics,  to  prevent  its 
gurgitation. 


i 


1 


This  is  a  beautifiil  part  of  the  structure  of 
heart ;  and  one,  indeed,  which  was  a  principal  me 
of  leading  the  great  Harvey  to  discover  the  real 
nature  of  the  circulation ;  for  as  he  found  that  ifaott 
were  valves,  and  that  these  allowed 


J 
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fluid  in  one  direction  only,  he  was  thus  led  to 
discover  the  true  principles  of  the  blood's  pro- 
gress through  the  body.  The  veins  pour,  in  a 
continued  stream,  their  blood  into  the  right  auricle, 
forced  on  by  the  pressure  of  the  blood  behind; 
but  between  this  auricle  and  its  ventricle,  and  be- 
tween its  ventricle  and  the  pulmonary  artery,  there 
are  valves  placed,  which  prevent  any  regurgitation 
of  blood  into  tlie  auricle  from  the  ventricle,  or 
into  the  ventricle  from  the  artery.  In  the  same 
manner,  the  blood  flows,  in  a  continued  stream, 
from  the  pulmonary  veins  into  the  left  auricle, 
being  pressed  on  by  that  which  b  behind  it ;  but 
between  the  left  auricle  and  its  ventricle,  and 
between  its  ventricle  and  the  aorta,  valves  are 
provided,  as  in  Uie  right  side  of  the  heart. 


Valves,  I  suppose,  from  their  name,  have  some 
resemblance  to  folding  doors,  whiclt  open  and  shut, 
for  the  purpose  of  admitting  or  excluding. 


P[  Floodgates  more  nearly  resemble  them  in  office, 
with  this  difference,  that  valves,  in  the  animal 
body,  admit  the  passage  of  a  fluid  only  one  way, 
and  Uitis  preclude  regurgitation  ;  but  they  do  this 
by  their  own  action,  without  the  adjustment  which 
I  necessary  in  floodgates. 
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SOPHIA. 

I  do  not  quite  understand  how  a  vatve,  whi 
will  let  a  fluid  pass  one  particular  way,  can  suffer 
the  auricles  or  ventricles  to  gel  fiiU  in  the  manner 
that  you  mention.  One  would  imagine  that  the 
blood  would  pass  on  through  the  valve,  as  soon  aj 
it  was  received  into  the  auricle  or  ventricle,  with- 
out remaining  till  the  distension  takes  place,  which 
excites  them  to  action,  unless  tliere  was  some 
mode  by  which  they  could  be  kept  shut- 


There  is  much  justness  in  youi'  remark; 
must  obeerve,  that  tliough  the  general  < 
stances  relative  to  the  heart  and  arteries,  areven 
well  known,  some  of  the  minuter  points  are  Mil) 
matters  of  speculation.  When  the  ventricles  con- 
tract, it  is  clear  that  the  action  of  their  muscular 
structure  will  shut  the  valves  which  open  between 
them  and  the  auricles,  and  thus  suffer  the  blood 
to  accumulate  in  the  auricles ;  and  it  is  very  pro 
babie,  that  the  elasticity  of  the  coats,  both  of  ihe 
puhnonary  artery  and  the  aorta,  after  passing  on 
the  column  of  blood  transmitted  through  them  bj 
the  ventrides ;  and  the  temporary  interraption  m 
its  flow,  which  takes  place  on  the  cessation  of  the 
action  of  the  ventricles,  may  give  such  a  disposition 
to  regurgitation,  as  may  shut  the  valves,  and  allow 
the  filling  of  the  ventrides  for  the  nest  ira}nils6 
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It  is  to  be  remarked,  too,  that  on  tlie  relaxation  ol 
the  arteries,  a  vacuum  is  produced,  which  is  sup- 
plied by  the  blood  from  the  auricles,  and  at  the 
same  time  &Tours  the  shuttiDg  of  the  valves  of  the 
ventricles,  so  as  to  allow  them  to  get  filled. 

CHARLES. 

But  if  the  coiitrnction  of  the  ventricles  will  shitt 
the  valves  between  them  and  the  auricles,  nxay  not 
a  contraction  of  the  arteries  shut  the  valves  between 
the  latter  and  the  ventricles? 


It  has  been  a  matta*  of  question  with  some 
physiologists  of  late  j'ears,  whether  tliere  is  any 
actaal  dnninution  in  tlie  calibre  of  the  larger  arte* 
rics,  after  die  current  of  blood  has  been  passed 
through  them ;  and  it  is  thought  by  many,  that 
the  movement  of  the  blood  is  produced  by  the 
action  of  the  ventricles  alone ;  and  that  the  arte- 
ries, particularly  the  large  ones,  principally  per- 
form  the  part  of  pipes,  to  carry  it  on  to  the  various 
parts  of  the  body. 

CHARLES. 

But  1  thought  that  the  pulse  was  produced  by 
the  swell  of  the  arteries,  owing  to  the  increased 
qmntity  of  blood  thrown  into  them  trom  the 
heart. 
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Sucli  was  long  the  prevailing  idea  j  but  douh" 
were  thrown  upon  it  by  the  consideration,  thatii^ 
Vftscular  system    must    always    contain    the  sai! 
quantity  of  blood  in  it ;  inasmuch  as  the  saoic    . 
quantity  makes  its  entrance  into   the  heart  from   I 
the  venal  extremity,  as  leaves  it  at   the   arteriil  ' 
extremity.     It  has  likewise  been  stated,  that  h 
circumstances  where  there  has  been  the  power  l 
Keing  an  artery  uncovered,  no  dilatation  or  cui- 
traction  in  it  were  perceptible,  though  the  impulse 
from  the  blood  which  was  continually  thrown  iolo 
it  from  the  heart,  was  distinctly  felt  on  the  cooC 
of  the  artery,  when  the  finger  was  applied  to  it. 
These,   however,    are    minutenesses,    which  are 
rather  inappropriate  to  the  nature  of  our  general 
considerations  of  physiological  subjects. 


CHAHLES. 

On  this  supposition,  therefore,  I  presume,  tbs 
Impression  communicated  to  the  tube  or  pipf^ 
a  solid  elastic  body,  is  felt  by  the  finger. 


Tliis  is  thought  to  be  the  case,  though  it 
rather  difiicult,  on  this  hypothesis,  to  account  fit 
the  beat  being  seen ;  unless,  indeed,  the  mere  vi- 
bratory motion  communicated  to  the  coats  of  the 
artery,  should  be  apparent  when  propagated  to  the 
contiguous  ports. 


i 


A 
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UARBIET. 

I  have  often  wondered  what  particular  inform- 
ation about  diseases  the  pulse  can  communicate ; 
and  perhaps  you  can  give  us  a  little  idea  of  this, 
without  at  all  risking  our  becoming  doctors. 

DR.  A. 

Whetlier  the  artery  may  be  regarded  as  actually 
enlarged  during  its  beat,  or  as  merely  communi- 
cating an  impulse  from  the  heart,  the  state  of  the 
pulse  imparts  to  us  a  knowledge  of  the  force  and 
rapidity  of  the  circulation,  and  gives  us  much 
Other  information  relative  to  vascular  action,  which 
is  important  in  enabling  us  to  judge  of  diseases. 

HARRIET. 

Does  the  beat  at  the  heart,  and  the  pulsation  at 
the  arteries,  take  place  at  the  some  instant  of 
time? 

DR.  A. 

This  is  commonly  represented  as  the  cose ;  but 
I  think  you  will  find,  on  feeling  the  beat  of  the 
heart  with  one  hand,  while,  with  the  other,  you 
leel  the  artery  at  the  wrist,  that  they  are  not  quite 
fiimultaneous; 

HARRIET. 

There  seems,  indeed,  to  be  a  very  small,  though 
an  appreciable  interval  between  them ;  but  it  re- 
qaires  great  attention  to  make  out  this  point. 
^L  Tca.  U.  H 
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CHARLKS. 

The  heart  seems  to  be  a  sort  of  forcing  puii 
which  possesses  a  power  that  is  necessary  f 
carrying  the  blood  over  the  body. 

DR.    A. 

The  relaxation  and  expansion  of  the  ventridi 
may  hti  considered  as  protludog  what  is  equivaT" 
lent  to  tlie  vacuum  formed  in  the  pump,  by  mmm 
of  which  the  water  is  raised;  and  the  contraction 
of  the  ventricles  acts  tlie  part  of  tlie  depression 
of  the  piston ;  while  in  both  cases  tliere  is  a  se* 
of  valves*  which  open  In  one  direction  only. 

CHARLES. 

The  muscular  power  of  the  heart  must  be  < 
ceedingly  great,  since  it  can  exercifie  the  &cul 
compression,  to  ihe  extent  of  emptymg  hs  \ 
completely,  at  every  ptdsation. 


It  is  tlie  most  powerful  muscular  structure  fl 
the  bodyj  and  it  owes  its  great  extent  and  force  9 
contraction,  to  the  particular  disposition  of  d 
muscular  fibres  which  form  the  ventricles, 
right  ventricle  has  to  do  no  more  than  circulsl 
the  blood  through  the  lunge;  but  the  left  has 
appropriated  to  it,  die  office  of  transmitting  tL  over 
the  whole  system.  It  is  therefore  much  1 
and  stronger  than, the  right;  aad^  possesses  a 
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peculiar  Etructure  to  give  it  greater  power ;  being 
cofistitated  of  two  bets  of  fibres,  disposed  in  strata, 
and  surrounding  the  ventricle  in  a  spiral  form,  the 
^iral  disposition  of  the  strata  being  in  opposite 
directions.  In  this  way,  it  i^  clear,  that  longer 
fibres  can  be  employed,  and  that  a  smaller  con- 
traction of  each  set  will  be  necessary,  than  under 
3  different  distribution. 

CHARLES. 

Have  any  calculations  been  made  as  to  the 
quantity  of  blood  which  the  body  contains,  and 
the  celerity  of  its  movement  through  the  heart  ? 
Snce  the  whole  of  the  blood  of  the  body  passes 
through  the  heart,  it  must,  I  suppose,  repeat  its 
progress  very  frequently  during  the  day. 


It  has  been  considered  that  the  quantity  of 
blood  contained  in  die  bodj',  amounts  to  between 
30  and  40  pounds ;  and  that  about  two  ounces 
pass  an  from  the  heart  at  each  pulsation.  In  this 
way,  at  70  pulsations  in  a  minute,  140  oimces  will 
pass  through  the  heart  in  a  minute,  or  9000 
otinoes  in  an  hour.  Hence  the  whole  quantity  of 
blood  contained  in  tlie  body,  supposing  it  to  ba  3£ 
pounds,  will  pass  through  the  circulation  in  about 
three  minutes,  or  about  20  times  in  an  bouTi  or 
480  times  in  a  day. 
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What  a  continual  state  of  flux  and  reHux,  rf 
ebbing  and  flowing,  takes  place  in  the  system ;  and 
this,  too,  when  the  circulation  is  not  hurried ;  for 
I  pi-esutne  that  in  running,  or  taking  any  otheKS 
violent  exercise,  the  circulation  is  stiU  more  rapi 


Unquestionably';  and  other  phenomena  produc 
in  consequence,  as  increased  perspiration,  and  at^^ 
mented  temperature,  which  will  afterwards  crane 
under  consideration. — When  the  contraction  of 
the  left  ventricle  takes  place,  the  blood,  as  I  have 
already  mentioned,  is  forced  into  the  aorta,  or  great 
arlery.  This  consists  of  two  divisions ;  one  of 
which  is  termed  the  aorta  ascendens,  or  ascending 
aorta,  the  other,  the  aorta  descendens,  or  descend- 
ing aorta ;  and  between  tliem  Is  the  curve  called  the 
arch,  as  you  would  observe  in  the  sketches  whidi 
I  have  shown  you.  From  the  arch  of  the  aorta, 
the  vessels,  as  I  stated  to  you,  pass  off,  wbidi 
supply  the  head  and  upper  extremities ;  while  the 
descending  aorta  transmits  vessels  which  are  ajh 
propriated  to  the  viscera  of  the  abdomen,  and  all 
the  neighbouring  ports,  and  which  at  last  tenni- 
nate  in  those  that  supply  the  lower  extremities. 

SOPHIA. 

Is  there  any  regularity  in  the  disposition  and 
appropriation  of  these  vessels  ? 
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There  are  occasional  varieties,  but  in  general 
there  is  great  regularity  in  tlieir  distribution;  so 
that  the  anatomist  knows  where  to  find  a  particular 
vessel,  either  within  any  of  the  cavities,  or  more 
superficially ;  and  as  they  have  all  of  them  names, 
his  researches  may  be  conducted  with  great  pre- 
cision. The  names,  I  may  observe,  are  generally 
given  to  the  artery  from  its  supposed  use,  or  from 
the  part  which  it  is  intended  to  supply. 

An  arterif,  as  I  have  already  mentioned,  is  a 
thick,  firm,  elastic  tube,  which,  when  cut,  retracts. 
It  consists  of  three  coats,  the  external,  made  of 
firmly  condensed  cellular  substance,  of  a  white 
colour,  and  fixed  to  contiguous  parts ;  the  middle, 
which  has  been  supposed  to  consist  of  muscular 
fibres,  though  much  diflerence  of  opinion  has  taken 
place  on  this  subject ;  and  the  inner,  which  is  a 
smooth,  thin,  dense,  and  transparent  membrane, 
v^he  thickness  of  the  coats,  and  their  proportion 
E^  each  other,  diflTer  according  to  the  calibre  of 
4k  artery.  In  the  large  arteries,  the  existence  of 
a  muscular  coat  may  be  considered  as  somewhat 
equivocal ;  but  it  is  hardly,  I  think,  to  be  ques- 
tioned in  the  smaller.  —  Both  arteries  and  veins 
i  nourished  by  blood-vessels,  and  are  also  sup- 
1  with  nerves  and  absorbents,  like  other  parts 
f  the  body.  The  blood  is  first  forced  into  the 
fries  by  the  powerful  action  of  the  left  ventricle, 
a.  3 
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and  stream  ufler  stream  following  in  quick 
cession,  the  cotimin  of  blood  is  propelled  on  U 
tlie  minutest  ramifications.  The  motion,  however, 
though  principally'  depending  on  the  heart,  is  pro- 
moted by  the  elasticity  of  tlie  large,  and  the 
cular  power  of  the  small  arteries. 

SOPHIA. 

The  quickness  of  the  circulation  must,  I  saj 
pose,  be  easily  affected ;  fur  exercise  seems  tog 
one  a  sensation  of  throbbing  all  over  the  body. 

DR.  A. 

Not  only  does  exercise  accelerate  the  circulaiia^ 
but,  with  weak  people  especially,  various  otbei 
circumstances ;  such  as  sudden  alarm,  and  many 
odier  affections  of  the  mind  ;  the  act  of  digestitn ; 
and  even  a  sudden  change  of  posture.  The  circu- 
Jation  becomes  slower  as  life  advances,  being  with 
infants  as  high  as  120  or  130  beats  in  a  miiuite; 
and  gradually  falling  to  70  or  75,  which  is  abo>rt 
the  standard  of  adult  age.  The  blood  is,  as  I  haie 
mentioned,  carried  over  die  body  by  the  arteries, 
and  brought  back  by  die  veins.  The  chemge  of 
the  one  vessel  into  the  other  takes  place  at  ibe 
extremity  of  each,  where,  from  their  minuteness, 
they  are  termed  capillaries,  or  no  larger  UiH 
hairs,  though  they  are  still  capable  of  cairyiag 
blood. 


«n^ 
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SOPHIA. 

What  do  you  mean  by  the  term  red  blood  'i 
Is  it  ever  of  any  other  colour  ? 

DR.  A. 

\^''hen  blood  is  taken  from  a  vein,  it  is  fluid ;  bal 
it  soon  coagnlittes,  and  divides  into  two  parts  the 
crassftmentum,  or  solid  red  part,  and  the  serum,  or 
fluid  part,  which  is  of  a  yellowish  tinges  and  trans- 
parent. The  crassamentum  owes  its  redness  to 
wtiflt  are  called  red  particles,  which,  though  very 
minute,  being  not  more  than  the  jn^nsth  part  of  an 
inch  in  diameter,  require  vessels  of  a  certain  size 
to  admit  them.  Now  some  parts  of  the  t>ody,  as 
the  white  of  the  eye,  are  supplied  with  colourless 
blood,  because  the  vessels  are  two  small  to  admit 
the  red  particles ;  but  as  soon  as  these  vessels  be- 
come larger  from  any  cause,  as  from  inflammation, 
then  they  become  apparent,  because  ihey  are  able 
•0  admit  the  red  particles,  which  make  them 
virible. 

tHAnniET. 
But  how  fire  you  enabled  to  ascertain  this  ter- 
ihin&tioti  of  arteries  into  veins,  since  they  are  both 
^them  so  exceedingly  minute? 
DB.  A. 
-  a  we  tie  an  artery,  or  press  on  il,  we  prevent 
the  blood  from  flowing  on  to  the  extremities,  which 


CIBCULATION    OF   THE   BLOOD. 

shows  that  its  course  is  thitherward.  If  we  do  tl 
same  to  a  vein,  we  prevent  it  from  carrying  o 
blood  in  a  reverse  direction.  On  tying  up  an  a 
for  bleeding,  or  merely  on  pressing  it  tight,  i 
find  that  the  veins  enlarge  below  the  coniprt 
part,  wiiich  shows  that  the  blood  is  returning  lo 
the  heart ;  but  a  compression  of  the  artery  would 
interrupt  the  passage  of  tlie  blood  from  the  arteries 
to  the  veins;  hence,  in  bleeding,  this  is  to  be 
avoided.  The  veins  of  the  extremities,  likewise 
have  valves,  which  prevent  the  progress  of  ti 
blood,  except  in  a  direction  to  the  heart. 

CHARLES. 

Can  any  sort  of  fluid  be  thrown  from  the  a 
ries  into  the  veins,  in  order  to  demonstrate,  s 
more  completely,  the  passage  of  the  blood  fromll 
one  into  the  other? 


Anatomists  have  occasionally  succeeded  In 
throwing  injections  from  tlie  arteries  into  the 
veins ;  but,  in  general,  tlie  most  delicate  and  subtle 
injections  are  unable  to  pass  through  the  minute 
vessels  which  form  tlie  extremities  of  arteries  and 
veins,  though  they  are  capable  of  distending  eitbu 
the  one  or  the  other  in  such  a  way  as  to  make  tl 
white  of  the  eye,  or  any  other  part  which  is  usui 
colourless,  quite  red,  when  a  red  injection  is  e 
ployed. 
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CHARLES. 

We  know,  by  bleeding,  thai  the  wounds  of 
veins  will  heal ;  but,  as  you  mention  that  arteries 
are  of  an  elastic  nature,  and  retract  when  divided, 
any  injury  to  them  must  be  of  a  very  formidable 
nature,  and  any  wound  very  difficultly  healed. 


Unquestionably ;  and  hence  nature  has  looked 
to  their  safety,  by  giving  them  as  deep  and  pro- 
tected a  situation  as  possible.  When  they  are 
wounded,  or  divideil,  however,  they  do  not  heal, 
but  are  obliged  to  be  tied  up,  if  large,  — that  is,  a 
ligature  put  round  them ;  or,  if  small,  they  con- 
tract of  themselves,  so  as  to  resist  the  passage  of 
the  blood  through  them. 

CHARLES. 

But  then,  does  not  tliis  operation  cut  off  the 
passage  of  the  blood  to  the  parts  beneath,  so  as  to 
prevent  their  nourishment,  and  therefore  to  occa- 
sion their  death? 

DR.  A. 

This  would  be  the  case,  except  for  a  very  wise 
provision  of  nature,  which  has  effected  a  general 
connection  of  the  various  arteries,  by  means  of  what 
is  called  anastomosis.  In  order  to  understand  this, 
jou  must  consider  tliut  arteries  send  out,  in  their 
u  5 
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course,  certain  large  branches,  which  are  dlvii 
into  smaller  and  smaller  ones,  like  the  branches 
oF  a  tree,  until  they  terminate  in  the  most  minute. 
Now  accordinjT  to  this  structure,  it  is  clear,  that  if 
youcut  off  the  communication  between  xbe  branches 
and  the  trunk,  you  woold  cut  off  the  supply  of  the 
blood.  But  then  the  superior  branches,  which  go 
off  froiTi  an  artery  or  its  subdivisions,  send  off  some 
branches  which  unite  with  others  that  are  trans- 
mitted from  branches  below  them.  If  the  artery 
should,  therefore,  be  divided  in  an  intermediate 
space,  the  connection  is  kept  up,  between  the  vessd 
above  and  the  parts  below,  by  means  of  thi 
anastomosing,  or  communicating  brandies, 
thus  any  inconvenience  avoided. 

HAREIET. 

This  is  a  very  beautiful  provision  of  natu 
but  are  not  the  communicating  branches  so  « 
minute,  as  not  to  be  adequate  to  supply  the  p 
Ijelow  ? 

DH.  A. 

As  soon  as  a  large  arterial  trunk  b  Hed,  1 
pulsation  in  the  parts  below  ceases ;  and, 
hours,  the  warmth  of  the  part  is  often  a  good  d 
diminished.     Nature,  however,  is  not  idle  undj 
these  circumstances :  the  column  of  blood,  foro 
from  above,  and  interrupted  in  its  usual  pr<^res% 
is  projected  into  the  lateral  vessels,  and  gradually 
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finds  its  way  through  the  communicaling,  or  RHas- 
toiDOGJng  ones,  which,  by  degrees,  enlarge  to  « 
sufficient  size  to  admit  of  the  usual  circulation 
Iieing  carried  on.  Tlieu  the  heat  is  restored,  and 
the  pulsation  returns  in  the  vessels  beneath.  This 
is  one  of  the  most  important  provisions  iit  the 
nnimal  ecwiomy,  and  is  that  on  which  the  success 
of  so  roany  operations  depends;  fcv  whenever  sur- 
^ons  operate,  they  may  be  always  sure,  that  if 
they  have  occasion  to  tie  n  vessel,  and  tlius  cut  off 
the  immediate  supply  oi*  blood  to  a  part,  nature 
will  produce  an  nbundont  supply  from  above. 
This  was  a  matter  formerly  in  doubt,  and  there- 
fors  surgeons  tied  vessels  with  fear  and  trembling 
as  to  the  result ;  but  so  genernl  is  anastomosis 
that  Sir  AsUey  Cooper,  in  order  to  establish  its 
existence,  in  even  the  largest  vessels,  once  tied, 
or,  as  surgeons  term  it,  took  up,  the  aorta  of  a 
dog,  and  Ibund  that  anastomosing  branches  sup- 
plied the  parts  beneath,  even  after  so  formidable  an 
operation.  —  I  may  just  mention  to  you,  that  a  very 
scientific  operation  was  devised  by  Mr,  Hunter, 
from  a  knowledge  of  this  principle,  in  a  very 
serious  disease,  that  of  popliteal  aneurism.  Hii.s 
consists  in  an  enlargement  of  the  artery  at  the 
ham,  which,  if  suffered  to  go  on,  would  most 
likely  in  time  give  way,  and  occasion  death.  His 
object  was  to  cut  olT  the  supply  of  bloo<l  from  it : 
and  for  this  purpose,  he  laid  bare  the  artery  at  thp 
.M    6 
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middle  of  tlie  thigh,  where  it  is  pretty  readilj^ 
accessible,  and  tied  it.  He  thus  cut  off  the  supply 
of  bloo<l  to  the  tumour  io  the  bam,  knowing  thob 
branches  sent  off  above  the  tied  part,  would 
with  others  below  the  tumour,  and  thus  supply 
leg  and  foot  as  well  as  ever.  In  tliis  he  was  n<4 
disappointed;  and  the  operation,  wiih  some  modi* 
fications,  as  that  of  tying  tlie  artery  m  two  places 
and  dividing  iu  tlie  intermediate  space,  b  one 
the  most  creditable  in  modern  surgery.  In 
these  cases,  the  extremities  of  the  vessels  becoi 
glued  together,  by  the'eSiision  of  a  pordon  of  I 
coagulable  part  of  the  blood,  and  are  soon  able 
resist  the  pressure  of  the  column  against  them. 


CHARLES. 

You  spoke  of  the  blood  being  carried  througb 
the  botly  principally  by  tlie  action  of  the  heart, 
but  partly,  also,  by  tlie  elasticity,  and  tlte  muscular 
power  of  tlie  arteries.  But  then  in  wliat  way  does 
its  return  take  place  ?  for  the  minute  ramiGcations 
of  the  arteries,  previous  to  their  termination  in 
veins,  woukl,  I  should  imagine,  take  away  a  grea(i 
deal  of  the  original  Impulse,  and  liardly  admit  of  > 
sufficient  quantity  remaining  for  the  retui-n  of 
blood. 


As  there  are  continual  successive  columns  oi 
blood  sent  from  the  heart  along  the  arteries,  these 
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are  necessarily  forted  into  tlie  veins,  as  the  only 
meftns  of  egress ;  but  Uien,  as  the  blood  comes  so 
gradually  into  the  latter,  there  is  no  pulsation  in 
them,  as  in  the  arteries;  and  their  coats  are,  more- 
over, mirch  thinner  and  more  distensible,  and  want 
the  firmness  and  elasticity  which  those  of  the  arte- 
ries jx>ssess,  and  to  which  the  pulse  Is  in  a  great 
degree  owing.  It  has  been  thought,  likewise,  that 
there  is  some  degree  of  active  force  employed  by 
the  coats  of  the  vein  itself,  in  passing  on  the  blood, 
though  this  is  less  certain.  The  motion  of  the 
blood  in  tlie  veins  is,  however,  much  more  diffi- 
cultly eflected  than  in  tlie  arteries;  and  hence 
nature  has  adopted  various  devices  for  the  pur- 
pose of  increasing  it.  The  branches  of  veins  ar^ 
together,  of  greater  diameter  than  the  trunks,  which 
is  the  reverse  in  the  arteries ;  and  hence  the  blood 
will  flow  to  the  heart  in  a  space  gradually  becoming 
jiarrower,  and  have  its  rapidity,  therefore,  pro- 
gressively increased.  Veins,  likewise,  have  valves 
in  various  parts  of  the  body,  by  means  of  which 
any  retrogression  is  avoided,  and  therefore  the 
ground  which  has  been  got  mmnlained :  they  are 
more  numerous  than  arteries,  and  have  frequent 
communications  with  each  other,  in  every  part  of 
their  course ;  and  they  are  so  dispersed  among  the 
muscles,  as  to  receive  a  certain  propulsion  Irom 
their  action. 
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CHARLES. 

The  circumstances  which  you  have  now  meD 
tioned,  relative  to  the  veins,  in  addition  to  tho* 
which  you  stated  on  the  meclianism  of  the  hear^ 
seem  to  make  the  proofs  of  the  ciixuliition  exce« 
ingly  conclusive. 

DR.  A. 

The  coarse  of  the  circulation  is  likewise  pro? 
by  the  transfusion  of  blood  from  one  animal 
another,  which  has  been  effected  by  fixing  a  tu 
to  the  artery  of  one,  and  connecting  it  with  the  vt 
of  another.  In  this  case,  if  another  vein  is  open 
in  the  animal  which  recei^'es  the  blood,  so  as 
make  room  for  the  admission  of  the  fresh  bloc 
an  entire  change  in  the  mass  may  be  effected. 

SOPHIA. 

And  could  this  extraordinary  operation  be  pf 
formed  with  safety  to  the  animal  ? 

DK.  A. 

Many  of  tlie  early  experiments  on  this  subJM 
were  unsuccessful;  but  it  has  been  discovered  h 
modern  physiologists,  that  transfusion  con  only  b 
practised  with  safety  from  one  animal  to  another  ( 
the  same  species.  The  utility  of  a  process  of  il 
kind  requires,  however,  greater  experience  to  ato 
tain  it,  than  has  yet  been  obtained  on  the  subject 
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SOPHIA. 
It  would  oppear,  then,  that  this  practice  might  be 
employed  to  conimuuicate  the  exubermit  health  of 
one  aiiimal  to  another ;  though  it  would  ratlier  be 
nt  a  dear  rate,  as  the  animal  which  parted  with  its 
blood,  must  be  as  much  injnred,  as  the  other  would 
be  invigorated. 

UR.  A. 

This  does  not  follow  ;  for  a  health)'  animal  can 
part  with  a  good  deal  of  blood  without  injury. — In 
great  depletion  from  loss  of  blood,  dogs  have  been 
very  speedily  restored  by  transfusing  into  them  the 
blood  of  other  dogs ;  and  one  case  has  occurred  in 
ibe  human  subject,  in  wliich  the  injection,  by  a 
syringe,  of  blood  from  the  vein  of  a  healthy  person, 
immediately  on  its  reception  into  a  basin,  was  at- 
tended with  considerable  temporary  advantage.— 
The  microscope  has  been  employed  to  observe  the 
circulation  in  particular  parts  of  some  animals, 
which  have  considerable  clearness  of  skin,  as  the 
web  of  the  frog's  toot ;  and  I  expect  that  yon  will 
be  able  to  witness  this  interesting  phenonienun,  by 
inspecting,  in  my  microsco))e,  the  foot  of  a  little 
prisoner  that  I  have  obtained  for  the  purpose,  1£ 
one  of  you  will  hold  it,  I  shall  place  the  web  in 
the  field  of  the  microsco{>e;  and  on  adjusting  the 
instrument  to  your  eye,  yon  will  observe  the  cir- 
culation distinctly. 


HARRIET. 

It  is  very  distinct,  and  rajiid,  and  ihe  glo 
of  Uie  blood  are  perfectly  appareut ;  but  it  U 
cult  to  make  out  tlie  direction  in  which  ttiey  n 

DR.  A. 

A  very  practised  eye  is  required  for  observatioi 
of  this  kind. — The  circumstances  which  ba^ 
mentioned  as  favouring  the  motion  of  the 
the  veins,  have,  by  many,  been  regarded  as  u 
ficient  for  the  purpose ;  and  some  experiments  fasTC 
lately  been  made,  from  which  it  is  inferred,  that 
during  inspiration,  when  air  is  admitted  into  the 
lungs,  the  fluids  communicating  with  its  vessels 
will  press  into  them  from  the  vacuum  made  by 
their  distension ;  and  hence  it  is  concluded,  that  the 
rush  which  must  take  place  to  all  parts  of  the 
venous  system,  in  order  to  supply  tlie  vacuum  in 
consequence  of  atmospheric  pressure  on  the  sur- 
face of  the  body,  must  materially  tend  to  support 
the  motion  of  the  venous  blood.  The  same  prin- 
ciple is  ap])lied  to  tlie  motion  of  the  chyle  in  the 
lymphatic  system,  in  consequence  of  the  connec- 
tion of  the  thoracic  duct  with  the  vein  into  n'hich 
the  chyle  is  poured. 

HARRIET. 

You  mentioned  that  only  the  coloured  part  «f 
the  blood  returns  by  the  veins :  —  what  bennnes  of 
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ihe  part  which  is  without  the  red  f 
colourless  ? 


A  part  of  it  returns  by  minuter  veins,  which  re- 
fuse entrance  except  to  the  colourless  portion  of  the 
blood  ;  ant]  these  soon  unite  with  the  larger  ones. 
Another  part  is  carried  to  various  glands,  or  is 
otherwise  employed,  either  in  affording  nmterials 
for  producing  various  secretions,  or  in  supporting,  or 
regenerating  the  different  parts  of  the  body;  while 
another  is  thrown  by  open-mouthed  vessels,  either 
into  the  various  cavities  of  the  body,  when  moisture 
is  requu-ed,  or  to  the  surface,  to  be  carried  oflf  by 
perspiration ;  and  you  will  recollect  what  I  re- 
marked on  the  subject  of  secretion,  and  the  action 
of  tlie  absorbents,  that  a  certa'm  balance  is  kept  up 
between  the  process  which  forms,  supports,  or  re- 
news, and  that  which  carries  off,  so  as  to  preserve 
the  body  in  a  state  of  health  and  fitness  for  its  va- 
rious functions. — The  circulation  of  a  nutritive  fluid 
Uirough  a  heart  and  blood-vessels,  is  the  mode  by 
which  most  animals  have  their  vital  functions  car- 
ried on  ;  but  there  are  many  varieties  in  tlie  me- 
thod by  which  this  operation  is  accomplished, 
depending  on  the  peculiar  nature  of  the  anima), 
and  tlie  medium  which  it  inhabits. — The  blood  in 
m  loost  an'unals  possesses  the  peculiar  colour  and 
kppeajance   by  which  it  b  usually  known;   and 
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such  are  therefore  called  red-blooded  atmrmb,  sad 
consist  of  tlie  mammaUa,  birds,  the  amphibia,  and 
fishes  ;  but  there  are  others  of  a  lower  descripUon, 
as  the  mollusca,  insects,  and  worms,  in  which  the 
blood  is  colourless ;  and  such  animals  are  therdbre 
called  vAite-hlooded.  In  most  of  them  the  cimi- 
jating  sj'stem  is  very  obscure,  and  but  littJe  bnoit^ 
The  red-blooded  animals  are  divided  into  the  Koiit- 
ilooded  and  cold-blooded,  according  as  their  temper- 
ature is  uniformly  much  above  that  of  th«  atino* 
sphere,  or  as  it  follows  that  of  die  medium  in  whkh 
the  animals  may  live,  as  air  or  w-ateT.  TTie  mam- 
malia and  birds  are  «mong  the  first  descriptioa ; 
for  whatever  the  temperature  of  the  air  may  be  in 
whidi  they  live,  their  bodies  uniformly  maintain 
the  same  standard.  Aitiphiblous  animals  and  fish 
are  among  the  second.  Now  we  shall  find  that 
the  respiration  of  animals  has  a  great  deal  to  do 
with  the  production  of  animal  heat,  and  that,  when 
from  any  circumstances  the  respiration  is  liaUeto 
be  interrupted,  as  in  the  amphibious  animals,  db* 
ture  obviates,  by  a  peculiar  structure,  the  nece^ 
sity  for  the  blood  passing  through  the  lungs,  a$  )■ 
the  mammalia  and  birds,  though  at  the  cxpence^ 
that  produaion  of  heat  which  is  so  characterisdiD 
of  the  two  former  classes.  This  is  done  by  means 
of  what  we  may  call  a  single  heart ;  for  the  Uoodt 
when  received  from  the  veins  into  the  auncli 
ventricle,  instead  of  passing  through  the  (wigss 


1 


KEAVr   AND   VLOOO-VBSKXXS.  259 

in  the  breajhing  nnd  warm-blooded  miDials,  goes 
off  in  a  vessel  which  <!ivides  into  two  branches,  one 
of  which  supplies  the  body  generally,  and  another 
is  diffused  over  the  lungs,  to  carry  back  a  certain 
portion  only  of  that  mfluence,  which  the  lungs  are 
intended  to  supply. 

HARRIET. 

Then  the  completeness  of  tlie  exposure  of  tiie 
blood  to  the  influence  of  the  lungs,  is  the  great 
ground  of  distinction  between  those  animals? 


Certainly. 


But  there  must  be  a  considerable  difference  be- 
tween the  nature  of  such  animals,  since  the  one  set 
of  them  can  live  so  much  without  air,  while  the 
other  would  be  suffocated  by  its  interruption  for 
but  a  very  short  time. 

DR.  A, 

The  difference  is  considerable;  for  there  is  a 
dulness  and  want  of  vigour  and  vivacity  in  the 
cold-blooded  animals,  which  seems  to  be  con- 
nected with  their  conformation,  and  with  the  wart 
of  the  vivifying  influence  of  the  air  upon  them. 
TTiere  is  likewise  a  remarkable  tenacity  of  life, 
and  a  power  of  contraction  in  their  mnsdes  very 
long  after  life  has  ceased,  of  which  I  have  men- 
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tioned  a  remarkable  instance  in  the  ^eait  of  ll 
frog. 

CHARLES. 

I  have  heard  of  some  defects  Id  the  circulatii 
through  the  human  heart,  which  evinced  themsdvi 
in  some  peculiar  appearances  of  body. 

DE.  A. 

Tlie  heart  is  subject  to  many  diseases ;  to  u 
creased  magnitude  i  to  want  of  power;  to  obstrnd 
tion  in  the  po^isages  from  one  part  to  anotlier 
to  imperfection  in  the  va!\Tilar  structure,  or  h 
the  structure  of  the  vessels  themselves,  all  whid 
produce  symptoms  more  or  less  well  marked 
and  often  of  a  dangerous  and  alarming  descriptii 
But  there  is  one  imperfection,  which  is  that,  pe 
haps,  of  which  you  may  have  heard,  which  a 
similates  the  heart  to  that  of  the  amphibioi 
animals :  —  it  is  wlien  there  is  a  conununicatJt 
between  the  ventricles  which  allows  a  part  of  tl 
blood  to  escape  into  the  circulation,  without  | 
ing  through  the  lungs.  In  this  case,  the  coloi 
of  the  skin  is  purple,  and  the  unfortunate  persc 
h  subject  to  various  distressing  s^^inptoius,  ai 
has  a  great  defect  of  general  energy.  —  1  may  r 
mark,  that  animals  before  birth,  have  a 
nication  between  tlie  ventricles,  which  is  r 
on  account  of  ilieir  lungs  not  acting  at  thai  t 
Afl«r  birtlt,  when  the  animal  breathes,  lliis  com 
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municntion  becomes  unnecessary,  and  closes.  It 
is  when  it  does  not  close,  that  the  circumstances 
which  I  have  just  mentioned  occur. 

CHARLES. 

You  have  explained  to  us  very  disUnctly  the 
peculiarities  of  the  circulation  in  amphibious  ani- 
mals, which  seem  to  be  in  a  certain  degree  inde- 
pendent of  respiration ;  but  how  is  it  with  the 
other  order  of  cold4>loo<Ied  animals  having  red 
blood,  Jisficsi  for  in  them  there  must  be  a  provi- 
sion for  doing  without  respiration  entirely,  since 
they  live  wholly  in  water  ? 

k  DR.  A. 

^  They  have  not  lungs,  and  they  do  not  live  in 
Wmr ;  but  they  dwell  in  an  element  which  is  charged 
with  air.  and  have  an  apparatus  for  availing  them- 
selves of  it  without  respiration  ;  for  their  hearts 
are  single,  receiving  in  their  auricle  the  blood  from 
the  veins,  passing  it  on  to  the  ventricle,  and  the 
ventricle  into  the  great  artery.  Then,  however, 
the  blood,  instead  of  going  on  to  the  general  cir- 
culation, passes  through  the  gtlis,  which  are 
composed  of  a  delicate  membrane,  very  widely 
expanded,  and  admitting  of  a  very  minute  division 
of  vessels  over  its  surface.  The  blood,  in  these 
minute  vessels,  is  exposed  to  the  air  contained  in 
the  water,  and  hence  has  tlie  necessary  salutary 
change  produced  upon  it.     It  unites  in  a  trunk, 
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which,  like  tiie  aorta  in  tlie  mammalia,  cai-ries-i 
into  the  various  parts  of  tlie  body. 

The  next  subject  of  our  consideration  Is  be- 
SFiRATiON,  or  tliat  particular  function  which  treats 
of  the  changes  which  the  blood  undergoes  in  the 
lungs.  Tliis  will  form  the  employment  of  our 
next  meeting ;  but  before  I  take  leave  of  circu- 
lation, it  is  necessary  to  notice  a  singular  appro- 
priation which  nature  has  made  of  some  of  the 
veins  of  tlie  abdomen.  Tliose  which  bring  the 
blood  back  from  the  stomach,  the  spleen,  the 
sweetbread,  the  intestines,  and  omentum,  instead 
of  joining  the  large  vein  (the  vena  cava),  and 
transmitting  their  contents  by  this  channel  im- 
mediately into  tlie  right  side  of  the  heart,  unite 
in  one  trunk,  which  divides  into  various  ramift* 
cations  in  the  liver,  and  thus  imitates  in  some 
measure  tlie  distribution  of  an  artery.  The  blood 
is  brought  back  by  veins,  which  join  the  vena  cava; 
and  thus  it  goes  on  to  the  heart,  as  it  mi^t  have 
been  expected  to  do,  &om  the  geneial  analt^  ol 
the  circulation,  witbou.  tlie  intermedium  of  cir- 
culation through  the  liver.  The  route  n  hicb  the 
abdominal  blood  thus  takes,  is  connected  with  the 
process  of  secreting  the  bile  from  that  organ. 
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CONVERSATION  XVIII.            ^^J 

OS    RESPiadTlOK.                              ^^^^^1 

Ik  framing  tlie  organs  of  respiration  in  the  higher 
orders  of  animals,  nature  has  had  two  great  ob- 
jects in  view ;  the  one,  that  of  forming  the  voice ; 
the  other,  that  of  completing,  as  I   have  already 
stated  to  be   necessary,   the   changes  which   are 
requisite  for  adapting  the  blood  to  the  functions 
which  it  is  intended  to   perforin   in  the  animal 
economy. 

The  organs  of  respiration,  properly  so  colled, 
consist  of  the  larynx,  the  trachea,  or  wiNortPE, 
and  the  lungs.     Tlie  larynx  is  llie  projecting 
part  which  you  can  see  and  feel  at  the  upper  part 
of  the  throat.     It  is  the  commencement  of  the 
windpipe,  and  is  the  organ  in  which  the  voice 
is  formed.    The  windpipe  is  the  tube  which  is  con- 
nected with  this,  and  is  divided  first  into  two,  and 
then  into  smaller  branches,  called  bronchia,  wluch 
afc  last  termumte  in  small  cells,   that   form   the 
minute  structure  of  the  lungs. 

S64<  nSSPIRATIOH. 

CHARLES. 

These  organs  may  therefore  be  considered  ai 
nothing  more  than  subservient,  or  preparatory,  to 
the  more  immediate  functions  of  respiration. 


Nothing  more ;  and  they  are  to  a  certain  d^ne 
passive,  as  is  indeed  the  whole  substance  of  the 
lungs;  but  there  are  other  parts  which  are  ne- 
cessary for  carrying  on  tlie  mechanical  proce^  of 
admitting  and  ejecting  tlie  air  from  the  lungs, 
and  these  in  man  and  quadrupeds  are  princi- 
pally a  very  large  find  strong  muscle  called  the 
diaphragm,  which  I  have  already  mentioned  to 
you,  as  separating  the  abdomen  from  tlie  thorax; 
and  various  small  muscles  which  lie  between  t^ 
ribs. 


SOPHIA. 

I  do  not  understand  what  you  mean  when  ym 
say  that  the  windpipe  and  lungs  are  passive  or- 
gans;  they  surely  are  actively  employed  bolli  ia 
receiving  air  into  them,  and  in  forcing  it  ouL 


i 


No  more  than. the  barrel  of  an  air-pump  is  i 
active  organ  in  working  it,  or  the  cylinder  of  a 
common  pump  in  elevating  the  water.    When  yoa 
work  a  pump,  you  elevate  a  piston,  which  T 
make  a  vacuum  but  for  the  air  or  water  i 
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rushes  in  to  supply  it.  On  depressing  the  piston, 
you  force  out  the  air  or  water,  and  thus  prepare 
for  a  repetition  of  the  process.  The  lungs  accu- 
rately fill  every  unoccupied  port  of  the  chest ;  ami 
it  is  by  ciiminishing  the  cavity  which  contains 
them,  that  the  air  with  which  they  are  filled  is 
forced  out. 


Is  there  any  particular  advantage  gained,  by 
not  employing  muscular  contraction  in  the  Iung>. 
themselves,  to  force  out  the  air  from  them  ? 


on.  A. 

In  respiration,  it  is  necessary  that  the  blood 
•should  be  exposed  extensively,  and  in  the  most 
divided  slate  possible,  to  the  influence  of  the  air, 
which  renders  a  secure  position  necessarj',  and 
precludes  the  firm  utructure  of  strong  muscles.  — 
The  mechanism  employed  in  dilatation  and  expan- 
sion is  exceedingly  simple ;  for  Uie  contraction  of 
the  diaphragm  forces  down  the  abdominal  viscera, 
and  thus  enlarges  the  cavity  of  the  chest  down- 
wards, while  the  action  of  the  muscles  between 
the  ribs  raises  up  the  latter,  and  [iroduces  an  ex- 
pansion hi  another  direction.  The  necessary  ef- 
fect of  this  increase  of  size  is,  that  the  air  rushes 
in  to  the  windpipe,  to  supply  the  void  which  would 
otherwise  occur;   and  when  the  diaphragm  and 
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intercostal  muscles  cease  to  act,  and  become  » 
laxed,  the  elasticity  of  the  cartilaginous  parts  of 
the  chest,  but  more  particularly  the  tendency  of 
the  muscles  of  the  abdomen  to  recover  themsehcs, 
after  being  pressed  down  by  llie  contraction  of  tbe 
diaphragm,  have  the  eflect  of  diminishing  the  ca- 
pacity of  the  chest,  and  of  thus  forcing  out  Cat 
air  from  the  lungs,  which  has  been  received  by 
inspiration.  The  alternate  dilatation  and  con- 
traction of  the  chest  which  thus  takes  place, 
constitutes  the  act  of  respiration,  which,  as  I 
mentioned  to  you  some  time  since,  is  of  a  mixed 
nature,  being  partly  dependent  on  tlje  will,  aoc 
partly  independent  of  it. 

HARKIET. 

We  certainly  have  the  power  of  regulating  on 
breathing  when  we  exercise  sufBcient  attention; 
but  tbe  necessity  of  carrying  on  the  altematioD 
seems  to  be  (juite  incontrollable.  ^ 


It  is  fortunate  that  it  is  so,  for  we  should  be  bnt 
bad  judges  of  the  continual  wants  of  the  s)-stem: 
and  nature  wisely  provides  for  our  health,  bj 
giving  the  sense  of  suffocation  to  ensure  a  constaoi 
supply  of  air,  and  the  feelings  of  hunger  and  ihirn 
to  guarantee  to  us  food  and  drink.  — The  laryu 
is  made  up  of  a  considerBble  number  of  cartUaga 
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or  gristles  united  together,  forming  an  inegiilar 
sort  of  tube,  open  at  both  ends,  and  capable,  by 
means  of  the  numerous  muscles  which  it  possesses, 
of  tliose  minute  varieties  of  contracttOD,  or  enlarge- 
ment, which  are  necessary  for  producing  the  di- 
versified modulations  of  sound  of  which  it  is  capa- 
ble. It  is  tixed  as  n  sort  of  capital  on  the 
zeincipipe,  which  is  composed  of  numerous  car- 
tilaginous rings,  which  are  incomplete  for  about  a 
quarter  of  an  inch  at  their  hinder  port.  X^iis 
interval,  as  well  as  that  which  is  between  the 
rings,  is  filled  up,  partly  by  transverse  and  longi- 
tudinal muscular  fibres,  and  partly  by  a  firm  and 
ligamentous  cellular  membrane;  and  the  interior 
of  the  whole  is  covered  with  a  soft  mucous  lining, 
which  secretes  a  fluid  intended  to  keep  it  con- 
tinually moist.  The  cartilaginous  rings  continue 
for  some  time  after  the  division  of  the  trachea, 
but  at  length  disappear  in  the  substance  of  the 
lungs. 

The  LUNGS  themselves  are  of  a  light,  spongy, 
but  tenacious  texture,  one  in  each  cavity  of  the 
chest,  capable  of  swimming  in  water,  separable  into 
subdivisions  called  lobes,  and  covered  with  a  mem- 
brane called  the  pleura,  whicli  doubles  back*  and 
lines  tlie  cavities  of  the  chest,  just  as  the  peri- 
toneum does  the  cavity  of  the  abdomen.  The  lungs 
xre  very  largely  supplied  with  blood-vessels,  of 
which  some  agipear  lo  be  destined  for  the  nourish- 
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■«*  rf  ti"  <"B*";  '"^  tij-  for  the  principal  pail 
eamtf  Ae  blood  from  the  right  side  of  the  heaiq 
in  oder  that  it  mar,  after  mioute  division,  an 
^ittaiiim  onr  the  alr-oells,  be  exposed  to  ti 
■AKDce  of  the  eactmial  air,  and  be  carried  baii 
to  the  besTt  in  a  proper  state  for  nourishing  A 

CHABLES. 

The  secretion  which  you  mention  as  corerin 
the  interior  of  the  windpipe  is,  I  suppose,  afiecta 
during  a  cold,  or  any  other  disease  of  this  p 
nge. 


A  commoa  cold  produces  a  slight  inflamniatioa 
of  the  passage,  and  is  attended  at  first  with  a 
tliminisfaed  secretion ;  but  is  carried  off  by  a 
increase  of  it,  which  is  a  very  ordinaiy  mode, 
adopted  by  nature  for  removing  the  inflammalka. 
of  passages.  \\'hen  the  inflammation  goes  on  to 
a  much  greater  extent,  it  produces  the  formidable 
di^ase  of  croup,  which  is  occasionally  attended' 
with  Uie  formation  of  a  new  membrane  in  lb& 
windpipe,  from  ilie  pouring  out  of  coagulable 
matter  into  it,  as  an  e&ct  of  severe  inflammation. 
Sometimes  the  larynx  itself  is  the  principal  seat  rf 
inflammation,   and   tlie   symptoms   are    then, 

Lwell  as  in  the  former  case,  of  the   most  severe 
kind. 
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HAIIBIET. 
Consumption,  I  presume,  is  something  more 
than  a  severe  cold ;  for  I  liave  often  been  sur- 
prised to  find,  that  some  people  recover  from 
severe  and  Irequent  colds  without  much  difficulty ; 
and  yet  others  become  consumptive,  and  are  car- 
ried off  at  longer  or  shorter  intervals ;  which  malies 
me  think  there  must  be  some  difference  in  nature 
between  a  cold,  however  severe  it  Diay  be,  and 
consumption. 


You  are  quite  right ;  there  is  an  important 
difference;  for  colds,  however  severe,  only  for  the 
most  part  excite  the  tendency  to  consumption, 
which  already  exists  in  the  habit.  Consumption 
consists  in  an  ulceration  of  a  part  of  the  lungs; 
and  this  process  most  generally  occurs  in  a  sort  of 
small  scrophulous  tumors,  called  tubercles,  which 
may  long  exist  and  be  harmless ;  but  which,  when 
inflamed  by  colds,  ulcerate,  produce  a  hectic 
(ever,  a  loss  of  flesh  and  strength,  and  all  those 
symptoms  which  occur  in  that  serious  malaily. 
Sometimes  a  blood-vessel  gives  way,  and  if  the. 
wound  does  not  thoroughly  heal,  an  ulcer  is  pro- 
duced in  consequence ;  and  sometimes  an  abscess 
or  vomica  occurs,  fi-oni  tlie  eflect  of  inflammation, 
which  ends  in  a  similar  way. 
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CHARLES. 
The  laxity  of  tlie  substance  of  the  lungs,  and 
their  being  in  continual  action,  must  eucouragt 
disease  in  them  very  much. 


Unquestionably  so;  for  the  one  feciUtates  the 
spreading  of  disease,  while  the  other  prerenls  the 
possibihty  of  lying  to,  for  the  purpose  of  vaidng 
for  reco\'ery. 

CHABLES. 

It  seems,  indeed,  extraordtnaty,  that  the  func- 
tions which  you  mention  as  being  performed  bpf  - 
the  lungs  on  the   blood,   should   go  on   durti 
a  severe  stale  of  disease  in  tliat  organ. 


They  go  on  less  perfectly,  as  is  occasionally  ii 
(licated  by  the  livid  appearance  of  the  lips,  couii*1 
tenance,   or  extremities,  and  also  by  the  honj 
of  the  circulation ;  the  same  quantity   of  blood 
having  to  pass  through  a  less  space,  than  whi 
the  lungs  are  healthy. — But  it  is  time  now  to  g 
you  some  account  of  the  particular  action  whi 
takes  place  on  the  blood  in  the  lungs,  and  1 
which  all  the  other  parts  of  this  function  are  s 
servient.     The  blood  which  passes  from  the  rigl 
eide  of  the  heart  into  the  lungs,   is,  as  I  hm 
mentioned  to  you,  of  a  dark  or  Modena  rede 
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lour.  After  circulating  through  the  lungs,  it 
becomes  of  a  florid  red,  and  has  then  lieen  rendered 
fit  for  nutrition,  and  for  the  other  functions  which 
it  is  intended  by  nature  to  e^cercise.  In  this  pro- 
gression tlirough  the  lungs,  it  has  been  freely 
exposed  to  the  air  of  the  atmosphere,  which  is 
continually  received  and  thrown  out,  by  the  alter- 
nate actions  of  inspiration  and  expiration. 


Then  it  may  be  supposed  that  the  air  of  die  at- 
mosphere is  in  some  way  changed  by  respiration, 
since  it  is  by  its  agency  that  the  nature  of  the 

t blood  is  altered  in  the  lungs. 
P  DR.  A. 

Atmospheric  air,  as  you  may  recollect,  is  com- 
posed of  about  21  parts  by  measure  of  oxygen,  or 
the  pure  respirable  part;  and  79  parts  of  azote,  or 
the  unrespirable  part,  with  a  small  portion,  not 
exceetling  2  per  cent,  of  carbonic  acid  gas. 
When  an  animal  is  confined  in  a  certain  quantity 
of  atmospheric  air,  a  part  of  the  oxygen  dis- 
appears, and  an  augmented  quantity  of  carbonic 
acid  gas  is  found  to  have  been  produced. 

L,  CHARLES. 

^  This,  then,  I  presume,  arises  from  the  carbon 
^t£  the  body  uniting  with  the  oxygen  of  llie  at- 
mospheric air,  and  tbrming  carbonic  acid  gas. 
N  4 
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NOfHIA. 
But  liow  is  it  possible  to  conduct  such  experi- 
ments with  accuracy  ?    Is  an  animal  confined  in 
a  certain  known  portion  of  air,  and  the  nature  of 
it  examined  afler  respiration? 


Assuredly.  If  a  small  animal,  as  a  guinea~ptg, 
is  placed  in  a  proper  nppnfEitus,  in  a  certain  Cjuan- 
tity  of  atmospheric  air,  the  xveight  of  the  air,  and 
its  precise  nature,  may  be  accurately  determined 
after  the  experiment.  —  Now  it  would  appear,  from 
the  results  of  some  late  experiments  of  Dr.  Kdward.s 
that  a  greater  pro|K)rtion  of  oxygen  disappears,  thari 
IB  necessary  to  form  llie  carbonic  acid  geneialed  : 
and  that  the  original  supposition  is,  therefoi-e,  the 
more  correct  one ;  namely,  that  the  disappearance 
of  oxygen  is  occasioned,  in  part,  from  its  being 
employed  in  the  formation  of  carbonic  acid  gas, 
by  uniting  during  respiration  with  the  carbon  of 
the  blood ;  but  that  it  ^rjses  in  some  degree,  like- 
wise, from  its  absoqition  by  the  mass  of  blood,  in 
order  to  produce  further,  though  unknown  effects, 
in  the  animal  economy. 

CHADLES. 

In  the  production  of  carbonic  acid  gas  in  the 
lungs,  is  the  carbon  brought  to  the  lungs  m  the 
veins,  so  as   to   be   ready  for   uniting  with   the 
N  5 
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oxygen  afforded  by  the  air,  and  thus  for  immedi- 
ately forming  carbonic  acid  gas  ? 

DR.    A. 

This  is  a  point  which  has  occasioned  muck 
controversy,  and  which  it  is  very  difficult  to  ascer- 
tain. It  was  supposed  by  some,  that  the  veins 
came  to  tlie  lungs  charged  with  carbon,  in  a  ven 
divided  state ;  and  that  this  carbon  was  parted 
with,  when  oxygen  was  received  into  them  bj 
respiration,  and  thus  formed  carbonic  acid  gas  in 
the  way  which  you  suggest.  But  then  it  has  beM 
found,  that  carbonic  acid  gas  is  emitted  from  diB- 
lungs,  even  if  oxygen  is  not  received  into  them; 
in  cases  where  animals  have  been  made  to  respiH 
some  other  gases,  as  hydrogen,  when  there  wasD* 
oxygen  contained  in  it 


I  cannot  conceive  Low  experiments  of  this 
can  be  made,  without  tlie  destruction  of  the  animal} 
or  even  at  all,  since  the  proper  hinction  of  res[^ 
ration  requires  that  oxygen  should  be  a  part  of  the 
air  inspired. 

DR.    A, 

Some  of  the  lower  animals,  as  frogs  and  snail 
are  less  dependent  on  the  immediate  supply  i 
pure  air  to  the  lungs,  tlian  the  mammalia 
birds;  and  hence,  for  a  short  time,  experi 
can  he  made  on  them,  without  difficulty  or  ii 
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venience.  Kittens,  too,  for  a  few  minutes  after 
turtli,  before  they  have  been  accustomed  to  the 
action  of  ntmosplieric  air,  can  respire  pure  Iiy- 
drogen  ;  and,  in  all  these  cases,  carbonic  acid  gns 
was  found  to  be  produced  without  the  contact  ot 
oxygen  in  the  lungs;  and  it  is,  therefore,  clear, 
that  it  must  have  been  extricated  from  the  blood. 
TTiis  circumstance,  and  some  others,  render  it  pro- 
bable that  the  oxj'gen  is  absorbed  by  the  lungs,  and 
unites  in  the  course  of  the  circulation  with  carbon, 
forming  carbonic  acid  gas.  —  There  is  a  singular 
circumstance  attending  tlie  action  of  the  lungs  in 
the  production  of  carbonic  acid  gas,  which  is,  that 
the  quantity  varies,  nut  only  in  different  individuals, 
but  in  the  same  individual  at  dif!erent  times  of  the 
day,  and  at  different  periotts  of  life.  The  greatest 
production,  4.1  per  cent.  Dr.  Prout  found,  is 
between  11  in  the  forenoon  and  one  in  the  after- 
noon; and  the  smallest,  3.3  per  cent,  between 
half-past  eight  in  the  evening  and  half-past  three 
in  the  morning ;  the  quantity  gradually  rising  to 
the  highest  pi-oduction,  and  descending  to  the 
towest.  In  summer,  and  in  young  animals,  the 
quantity  of  carbonic  acid  gas  formed,  is  less  than 
in  winter,  and  in  the  older.  There  has  likewise 
been  found  to  be  a  singular  difference  in  the 
quantity  of  oxygen  which  is  absorlxKl  at  different 

mes,  beyond  that  which  is  accounted  for  by  the 

irbonic  acid  gas  formed. 


r 
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CHARLES. 

Yoa  have  spoken,  hitherto,  only  of  the  change 
which  oxygen  gas  undergoes  in  respiration.  Does 
the  other  component  part  of  atmospheric  «r,  (be 
azotic  gas,  undergo  no  alteration  during  this 
process  ?  Or  are  we  to  regard  it  merely  as 
luent  for  the  oxygen  ? 


Experiments  on  the  subject  of  respiration 
of  so  nice  a  description,  and  are  liable  to  so  mi 
causes  of  inaccuracy,  that  it  is  not  to  be  wonderec^' 
that  many  difliculties  arise  in  the  prosecution  v( 
inquiries  into  its  precise  nature.  It  was  generally 
considered  that  the  azote  remained  unaffected  by 
respiration ;  but  some  late  observations  have  shown, 
that  there  is  sometimes  a  disappearance,  and  oc- 
casionally even  a  slight  increase  in  the  quanlil; 
of  azote  existing  in  air  after  expiration.  It  seems 
exceedingly  likely,  as  I  remarked  on  the  suited 
of  digestion,  that  considering  the  quantity  of  azoie 
which  composes  the  flesh  of  animals,  and  its 
absence,  or  paucity,  in  a  considerable  portion 
of  the  food  whicli  ihey  employ,  there  should 
some  means  of  compensating  for  the  want 
supply  of  this  important  substance  by  food,  in  tl 
power  of  absorption  from  the  atmosphere, 
would  appear,  therefore,  to  be  a  power  of 
haling,  or  absorbing  azote,  according  to  the 
gencies  of  the  system. 


3 


^         gencies  of  the  : 
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HAHRIET. 

Strangling,  and  exposure  to  impure  air,  operate, 
1  suppose,  by  cutting  off  a  supply  of  oxygen  from 
the  lungs. 

DR.    A. 

When  air  is  deprived  of  its  oxygen,  it  ceases 
to  be  fit  for  supporting  combustion  and  snimal 
life;  but  then  there  is  something  positively  inju- 
rious in  the  elfect  of  carbonic  acid  gas,  which  does 
not  attach  to  azote ;  and  if  the  carbonic  acid  gas 
produced  by  respiration,  is  removed  from  the  air 
in  which  an  animal  is  confined,  it  will  live  longer 
than  if  this  were  not  the  case.  A  fermenting  vat, 
which,  you  know,  is  full  of  carbonic  acid  gas,  pro- 
duces, almost  instantaneously,  a  deleterious  in- 
fluence on  the  body,  which  would  very  soon 
terminate  in  death.  Hanging  and  drowning  both 
operate  by  withdrawing  the  necessary  supply  of 
atmospheric  a'ur,  and  therefore  of  oxygen,  from  the 
lungsj  and  the  means  of  resuscitation  consist,  in  a 
most  important  degree,  in  restoring  it. 

HARRIET. 

But  is  there  not,  in  drowniug,  a  large  quantity 
■  <of  water  swallowed,  which  is  to  be  got  ijult  of 
rbefore  the  patient  has  any  chance  of  recovery  ? 

DR.  A. 

I  This  K  only  a  vulgar  idea ;  and  instead  of  turu- 
l-JDg  an   unfortunate  (lerson  upside  down,  witlt  u 
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view  thai  the  water  supposed  to  be  taken  in  i 
be  dUlodged,  we  ought  sedulously  to  aim  st  F 
stonng  the  circulation,  by  means  of  warmth  ■ 
friction;  nnd  the  respiration,  by  means  of  inflatk 
of  the  lungs,  and  imitation  of  the  action  of  r 
ration. — The  lungs   not   only  require  a  r^ 
supply  of  pure  air,  in  order  to  carry  on  their  f 
tioos,  but  also  air  of  a  certain  density ;  and  hen 
in  ascending  very  high  mountains,  a  great  ini 
tude  for  bodily  exertion,  and  incapacity  for  c 
tinuing  it  long,  has  been  experienced  in  n  veTJ*' 
remarkable  manner.     It  is  to  be  remarked,  how- 
ever, tliat  travellers  have  differed  a  good  deal  in 
the  description  of  their  sensations  in  very  elevated 
r^ions ;    and   that  some  do  not  appear  to  hate 
suffered  more  inconvenience,  than  might  be  sup- 
posed to  be  produced  by  tlie  fatigue  of  such  > 
journey. 

CHARLES. 

It  seems  to  be  very  singular,  that  air  should 
have  the  power  of  being  taken  up  by  the  blood, 
through  the  blood-vessels  in  which  it  circulates 
in  the  lungs;  for  it  does  not  appear  that  there  can 
be  any  actual  contact  between  the  air  and  the 
blood. 


Dr.  Priestley  found  that  such  is  the  power  at 
bsorption,  that  if  venous   blood   is   exposed  te 
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oxygen  contained  in  a  moistened  bladder,  it  would 
become  of  a  florid  red,  notwithstanding  the  inter- 
vention of  the  bladder.  Now,  in  the  lungs,  the 
blood-vessels  are  divided  very  minutely  over  the 
air-celts,  which  freely  receive  the  air,  and  com- 
municate with  each  other ;  but  the  coats  of  these 
ctUs  are  very  much  thinner  than  the  bladder  em- 
ployed in  the  experiments  which  I  have  now 
mentioned;  and  there  is,  therefore,  no  difficulty 
in  the  transmission  of  the  influence  of  air  through 
them. 

CHARLES. 

When  we  consider  the  frequency  of  respiration, 
and  the  large  dimensions  of  the  chest,  die  quantity 
of  air  necessary  for  the  respiration  of  a  single 
person  must  be  very  considerable.  Have  any 
calculations  been  made  upon  tliis  subject  ? 


The  quantity  of  air  taken  in  at  each  inspiration, 
as  well  as  the  amount  of  what  tlie  lungs .  are  ca- 
pable of  ccHitaining,  are  subjects  on  whidi  phy- 
siologists have  diflered  exceedingly.  It  would 
appear,  however,  that  about  forty  cubic  inches  of 
air  ore  taken  in  at  an  ordinary  inspiration;  and 
that  the  whole  lungs,  in  tlieir  ordinary  state  of 
expansion  alter  respiration,  contain  about  S30 
cubic  inches.  An  eighth  part  is  therefore  changed 
by  each  respiration ;  and  if  we  suppose  that  vie 
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respire  sixteen  times  ia  a  minute,  w%  shall  respire, 
during  the  tweniy-four  hours,  S21,600cubic  incbet 
or  591  cubic  feet  of  air. 

SOPHIA. 

What  an  immense  consumption  of  oxygoi  is 
thus  proiluced.  It  seeois  to  be  very  extraordinu^i 
indeed,  that  considering  the  prodigions  demands 
on  the  atmosphere,  of  the  many  millions  of  hnniSD 
beings  who  inhabit  the  earth,  and  of  the  countless 
numbers  of  animals  which  require  a  constant  supply 
of  air,  the  oxygen  should  not  be  consumed,  and 
the  air  itself  contaminated. 


Nature  has  wisely  pi'ovided  for  the  removal  of 
what  is  noxious,  from  air,  and  for  the  supply  of 
what  is  wholesome.  Carbonic  acid  gas,  which  ani- 
mals so  copiously  produce  in  respiration,  and 
which  likewise  Originates  from  fermentation  and 
combusdon,  is  capable  of  being  absorbed  by  water. 
It  is  also,  in  certain  circumstances,  taken  in  by 
plants,  of  which  it  forms  a  jiart  of  tlie  food,  so 
that  tltere  is  no  danger  of  any  ileleterious  stipes 
abundance.  Plants,  likewise,  when  exposed  to 
the  rays  of  tlie  sun,  exhale  oxygen,  which  seems 
to  arise  from  the  decomposition  of  the  absorbed 
carbonic  aciil  gasi  the  carbon  forming  a  part  of 
the  substance  of  the  planl,  and  the  oxygen  which 
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had  l>een  united  with  it,  being  thrown  out. 
From  these  causes,  and  from  the  various  de- 
compositions and  new  combinations  which  the 
decay  of  animal  and  vegetable  bodies,  and  the 
formation  of  new  ones,  afford  ;  from  the  immense 
extent  and  volume  of  the  atmosphere ;  the  con- 
nection which  all  the  parts  of  it  have  with  each 
other ;  imd  the  ready  and  continual  mixture  of 
its  different  parts  by  means  of  winds,  and  the  va- 
rious currents  which  heat  and  cold  produce;  this 
immensity  of  fluid  with  which  the  earth  is  in  every 
direction  surrounded,  always  preserves  the  same 
proportion  of  its  component  parts,  whether  in 
cities,  or  in  the  country ;  on  hills  or  in  valleys ; 
at  sea,  or  on  land. 

HARRIET. 

Is  it  then  merely  a  vulgar  error  that  there  is 
bad  and  good  air?  It  would  be  very  difficult  to 
convince  mankind  of  this  beuig  the  case. 

DR.  A. 

1  have  not  said  that  there  is  no  such  thing  as 
good  and  bad  air;  or  tliat  there  is  no  difference 
between  the  air  of  one  place  and  another.  1  have 
only  stated  that  no  difference  has  been  found  in 
tlie  proportions  of  the  component  parts  of  atm(^ 
spheric  air,  under  any  variety  of  position ;  mean- 
ing, of  course,  to  imply,  as  far  as  can  be  ascertained 
by  chemical  analysis. 


But  would  you  take,  for  examples  most  strouc 
opposed  to  eacli  other,  the  confined  air  of  a  crowdiL 
laiie,  or  court,  loaded  widi  unpleasant  and  "i- 
juriouR  exhalations,  and  the  Ire^h  breezes  of  ihe 
ocean,  diffusing  health  and  cheerfulness  on  «v«i} 
side? 

DH.  A. 

Certainly,  provided  you  allow  a  free  coaunaa^ 
cation  with  the  atmosphere ;  for  the  respiratioa  ef 
many  persons  in  a  certain  limited  space,  will  nait 
a  considerable  difference  in  the  state  of  the  air  of 
a  room  for  the  lime.  It  is,  however,  to  be  it- 
marked,  that  chemistry  can  only  go  a  short  way  in 
ascertaining  very  palpable,  though  minute,  diSfet- 
ences  In  the  nature  of  air.  Odours,  for  instancEi 
cannot  be  detected  by  chemical  means ;  and  iht 
effluvia  which  emanate  from  the  body,  and  give 
rise  to  various  diseases,  elude  all  our  endeai'oun 
to  ascertain  their  physical  nature.  ^Vhc^  such  a 
the  case,  there  is  no  wonder  that  the  nice  differ- 
ences between  the  air  of  towns,  and  the  couniryi 
should  only  be  discoverable  by  their  effects  on  the 
human  body."  These  effects  are,  however,  well 
marked,  and  well  known. — The  influence  exercised 
by  respiration,  in  the  animal  economy,  is  preilj 
much  the  same  in  all  animals;  but  the  mode  in 
which  1  have  descrilied  it,  principally  applies 
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man  and  quadrupeds,  in  whom  the  wholt;  plan  of 
die  respiratory  orgaos  is  exceedingly  similar.  In 
birds,  there  arc  some  important  modifications;  in 
fish,  as  I  have  already  mentioned,  the  air  is  ap- 
plied to  the  blood  in  the  gills,  through  the  medium 
of  the  water ;  in  amphibious  animals,  the  principal 
characteristic  is,  that  tlie  whole  of  the  blood  does 
not  circulate  through  the  lungs,  and  tliat  tliey  can 
bear  the  interruption  of  respiration  without  injury ; 
but  in  the  insect  tribe,  and  most  of  the  inferior 
animals,  there  are  various  tubes,  or  tracheee,  which 
ramify  over  the  body,  and  open  externally  by 
apertures,  or  stigmata,  as  they  are  called,  by  means 
of  which  the  air  is  received  and  expelled :  so  that 
we  witness,  over  the  whole  creation,  an  ailinirable 
Bccordance  in  the  modes  which  nature  has  thought 
fit  to  adopt,  for  the  support  of  life  and  health.  —  I 
shall  now,  however,  mention  to  you  the  principal 
peculiarities  of  the  function  of  respii'ation  in  birds, 
which  are  exceedingly  curious.  In  this  class  of 
animals,  the  lungs  are  small,  flattened,  and  he  close 
to  the  breast;  but  there  is  no  diaphragm,  and 
there  is  no  alternate  expansion  and  contraction  of 
the  lungs,  as  in  the  mammalia. 

CHARLES. 

But  how,  then,  does  the  air  find  its  way  into  the 
chest  ?  For  the  action  of  the  diaphragm,  and  the 
other  muscles  connected  with  respiration  in  the 
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tnamtnalia  tribe,  by  their  expaDsion,  produce  ■ 
rush  of  air  into  the  lungs,  in  order  to  avoid  i 
v&cuum  being  formed  between  the  lungs  anil  ilie 
chest ;  and  by  their  contraction,  force  tlie  air  out. 

In  birds,  the  lungs  have  several  openingSi 
means  of  which  they  communicate  with  vari( 
air-bags  or  cells,  which  fill  the  whole  of  the  cavity 
of  the  body  from  the  neck  downwards.  Now  these 
cells  are  BUed  by  means  of  air,  which  passes  ioto, 
and  out  of  them,  through  the  lungs,  and  which,  in 
its  passage,  produces  those  changes  on  the  blood 
circulating  through  the  lungs,  which  are  iiei 
for  the  health  of  the  animal. 


cuari  es. 

But  this  seems  to  be  rather  a  complex  soil  of 
arrangement.     Is  there  any  reason  why  the  s 
means  should  not  have  been  adopted  in  them,  •*_ 
in  the  mammaha,   for  effecting   the  purposes  i 
respiration  ? 

OR.  A. 

You  may  recollect,  that  when  I  gave  you  i 
account  of  the  bones,  I  mentioned  that  the  k 
of  birds  were  hollow,  for  the  purpose  of  aJniitti 
air  into  them  dirough  the  lungs,  luid  ttierefore  (t 
diminishing  the  specific  gravity  of  the  animal,  i 
thus  adapting  it  the  better  for  being  sustained  1^ 
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SO  iiphl  a  fluid  as  air.  The  same  puqiose  is  more 
effectuaUy  produced  liy  means  of  the  nir-cells 
which  I  now  mention  to  you.  As  these  are  hollow, 
and  very  expansible,  sliut  up  at  one  extremity,  and 
only  open  to  the  lungs,  it  is  clear  that  the  animal, 
enacting  with  its  muscles  so  as  to  elevate  the  breast 
and  ribs,  will  produce  a  vacuum  in  these  air-cells, 
which  must  be  supplied  by  air  which  enters  from 
the  lungs.  A  continual  and  regular  supply  of  ajr 
is  therefore  necessary  to  supply  the  wants  of  the 
system,  as  far  as  the  lungs  are  concerned;  but  more 
or  less  is  taken  in,  just  as  the  animal  has  a  wish 
to  increase  or  diminish  its  speci6c  gravity,  in  order 
to  fit  it,  not  only  for  walking  on  the  earth,  but  soar- 
ing in  the  heavens,  in  all  the  varieties  of  density 
of  atmosphere,  which  a  greater  or  smaller  proxi- 
tDi^  to  the  earth  necessarily  occasions. 

HARRIET. 

What  a  beauUfiil  combination  of  office  the  lungs 
of  birds  tlius  possess;  but  it  is  <]uite  clear,  from 
what  you  have  now  mentioned,  that  no  size  or 
strength  of  wing  could  poise  a  terrestrial  animal  in 
air,  unless  there  were  tlie  power  of  admitting  air 
into  the  inmost  recesses  of  his  body,  as  happens  in 
birds. 

DR.  A. 

Certainly;  and  therefore  wings  are  only  lo 
be  regarded  as  one  of  the  organs  to  which  birds 
owe  the  faculty  of  flying ;  for  an  important  part  of 
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this  office  is  owing  to  the  ditninished  q>eQfia 
gravity,  produced  by  the  introduction  of  air  in  tbc 
way  which  I  have  meatioued. 

HARRIET. 

TTien  we  may  regard  the  Irody  of  birds  u 
uniting  a  movable  parachute,  with  a  balloon;  but 
in  which  the  recepdon,  or  escape  of  gas,  depend 
on  the  will  of  the  animal. 


The  comparison  is  not  altogether  inappropriate; 
and  I  may  observe,  that  so  carehil  has  nature  been, 
in  giving  full  effect  to  this  structure,  that  the  cells 
extend  even  among  the  muscles  of  the  body, 
where  they  are  particularly  large  in  the  soartog 
animal?,  as  the  eagle,  hawk,  stork,  ai]d  lark. 


I 


I  can  readily  now  conceive,  how  the  pouncing 
of  birds  &om  a  great  heiglit  is  effected ,'  for  the 
animal  has  the  power,  nt  any  instant,  of  forcibly 
compressing  its  whole  body,  and  of  thus  giviif 
itself  a  power  of  descent,  which  hardly  aay  n 
cular  effect  could  produce. 


Ceitainly;  and  in  diving  birds  the  same  p 
produces   the  faculty   of  sudden   descent  in  t 
water,  which  la  so  necessary  to  them.     The  bu*  J 
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rels  of  t)ie  quills  in  birds,  too,  are  hollow,  and  con- 
tain air ;  and  it  is  said,  that  it  is  in  some  measure 
owing  to  the  [K>wer  of  diminishing  or  increasing 
the  contained  quantit)',  that  the  turke}*,  bullfinch, 
&C.  are  able  to  produce  the  quick  and  voluntary 
erection  of  tlieir  plumage. — In  fish,  1  have  already 
stated,  tliat  the  air  is  applied  to  the  gills  through 
tlie  medium  of  the  water.  The  gills  are  covered 
with  a  large  flap,  ur  operculum,  which  is  made  up 
of  arched  bones,  covered  with  membrane,  and 
edged  with  a  fringe  which  can  be  accurately 
applied  to  the  piu't  beneath,  so  as  to  shut  up 
entirely  the  slit,  ur  opening  into  the  gills.  When 
the  animal  breadies,  that  is,  when  it  wishes  water 
to  be  applied  to  the  gills,  it  acts  with  the  muscles 
<^  this  flap  so  as  to  render  it  convex ;  this  cannot 
be 'done,  it  is  clear,  without  producing  a  vacuum 
under  the  flap ;  and  as  the  animal  is  in  water, 
and  there  is  an  opening  in  the  moutli  which  com- 
muniaites  with  the  gills,  the  water  rushes  in 
among  the  gills,  filling  up  the  space  made  by 
the  changed  form  of  the  flap,  and  thus  applying 
itself  to  the  minute  ramifications  of  blood-vessek 
diflused  over  the  gills.  Wlien  the  air  contained 
in  this  water  is  no  longer  equal  to  its  purpose,  the 
water  ptisses  away  through  the  aur-opening  at  the 
edge  of  the  operculum,  which  the  animal  has  the 
power  of  making ;  and  by  a  repetition  of  the  pro- 
cess, a  fresh  supply  of  water  is  obtained,  and  the 
function  of  respiration  kept  up. 


RESPt  BATIOir. 


CHARLES. 

Then  I  suppose  botlcci,  or  distilled  water,  woulil 
not  answer  the  purpose  of  supporting  fish. 

Da.  A. 
Unquestionably  not;  the  animal  would  sootJ 
exhibit  symptoms  of  uneasiness,  unless  the  waiei 
contained  air ;  and  when  a  small  pond  is  troKti 
over,  the  fish  would  die,  by  exclusion  of  air, 
unless  an  opening  were  innde  to  adntit  a  suppl; 
of  this  necessary  article.  There  is,  in  fish,  s  pan 
of  structure  somewhat  analogous  to  the  air-celk 
which  1  have  just  mentioned  in  birds,  namely,  the 
air-diaddeis  or  swimming-bladders,  which  are  giTen 
to  them,  as  to  birds,  for  the  purpose  of  increasing 
or  diminishing  their  buoyancy.  These  bladden 
are  placed  close  to  the  back-bone ;  tliey  vary  in 
size,  shape,  und  number;  and  are  wanting,  or  are 
very  small,  in  sucii  fish  as  are  generally  confiDed 
to  the  lowest  depths.  They  form  what  is  called 
the  sound  of  fish ;  a  part  which  gourmands  pri« 
highly.  When  the  air-bladder  is  ruptured,  the 
animal  loses  the  power  of  raising  itself,  and  lies  on 
its  back,  from  the  additional  weight  given  to  that 
pnrt  of  the  body,  by  the  removal  of  th«  air. 


SOPHIA. 
But,  as  fish  do  not  respire  in  the  way  of  bird^j 
wliat  manner  does  the  air  get  into  these  bladdi 
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Tliere  h  a  power  of  forming,  or  secreting  air, 
which  is  possessed  by  the  vessels  circulating  in 
the  membrane  which  composes  them,  and  which 
is  analogous  to  what  is,  in  some  cases,  possessed 
bv  other  organs,  as  the  stomach. 

HOrHIA. 

But  secretion  must  be  a  mircli  slower  process  of 
filling  tiie  bladder  than  that  employed  in  birds, 
when  it  can  be  admitted  or  thrown  out  at  plea- 
sure. 


(Jaquestionably ;  but  the  a*u--biadder  is  ordi- 
narily full,  and  is  then  capable  of  being  acted 
upon,  and  compressed,  either  by  the  abdominal 
muscles,  or  by  a  muscular  structure  peculiar  to 
this  organ  ;  and  thus  the  air  cuiideascd,  pursuant 
to  the  will  of  tlie  animal,  and  an  alteration  made 
in  the  specific  gravity  accordingly.  In  some  (ish 
there  is  a  communication  between  this  bladder 
ami  the  stomach,  or  gullet  of  the  anima),  and 
occasionally  an  appearance  of  valvular  structure, 
Trom  which  it  has  been  inferred,  that  the  air  i'i 
capable  of  being  forced  out  according  to  exi- 
gency. This,  however,  does  not  appear  very 
likely  ;  for  not  only  would  the  process  of  restora- 
lioti  be   tiecessary,   which  could  hardly  be  rapid 
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enough   for   the  cleniiuid ;   but  an   escape  of  a 
in  this  way  has  never  been  observed. 


Has  aii^  examination  beea  made  into  the  taHUi 

of  this  air  ? 


Most  fish  have  a  peculiar  deptli  of  water,  at  which 
they  usually  remain ;  and  it  is  a  curious  circum- 
stance, but  one  which  was  satisfactorily  made  oul 
by  Blot,  chat  the  nature  of  the  air  contained  in  tbt 
air^ells,  has  been  found  to  vary  very  much, 
ing  to  the  (ieplh  which  fisli  gi-iierally 
Those  which  live  in  shallow  water,  have  azoIe,irilll. 
only  a  very  small  proportion  of  oxygen.  As 
depth  increases,  so  does  the  oxygen  ;  and  ofier 
depth  of  ]  50  feet,  the  average  pi'oportion  was  it 
much  ns  70  per  cent,  while  the  mean  result  afibrded 
by  fish  caught  nl  less  depth,  was  only  29  per  cent 
Pike,  carp,  roaches,  and  perch,  which  are 
water,  and  therefore  shallow-water  fish,  bad 
from  3  to  5  per  cent  of  oxygen. 
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This  singular  difference  would  appear  to  iol 
catethe  greater  purity  of  the  air  contained  indej 
water,  than  In  that  near  tlie  surface. 


The  supposition  is  a  natural  one ;  but  so  i 
this  from  being  the  case,  that  the  differeDcx  of  p 
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rity,  it  would  appear,  is  rallier  in  favour  of  the  air 
near  the  surface. 

SOPHIA. 

In  what  way  can  ytni  collect  the  air  fi-om  the  air- 
blndders,  soas  to  make  it  the  subject  of  experiment? 


If  the  air-bladder  be  opened  under  an  inverted 
receiver  filled  with  water,  the  air  will  ascend  into 
the  receiver  and  divplnce  the  water,  just  as  you  have 
seen  it  do  in  the  cliemrcal  experiments  which  I  have 
shewn  you;  and  then  it  becomes  the  subject  of  ex- 
jwriment;  like  any  othtr  gas. — There  is  a  curious 
mode  of  respiration  employed  by  frogs,  toads,  cha- 
meleons, and  some  others  of  the  amphibious  tribe, 
which  is,  that  the  animal,  instead  of  breathing 
through  it:^  month,  keeps  its  mouth  shut,  receive! 
air  through  its  nose,  and  by  nieansi  of  the  muscles 
of  the  jaws  forces  it  into  the  lungs,  from  which  it  is 
returned,  through  the  nostrils;  by  the  action  of  the 
muscles  of  the  abdomen,  there  being  no  diaphragm. 
With  tliis  conformation,  those  animals  would  be 
suffocated  if  their  mouths  were  kept  open. 

The  formation  of  the  voice,  I  have  staled  to  be 
one  of  the  functions  which  nature  has  combined 
with  respiration ;  and  it  ia  very  curioos,  thnl  it  is 
not  more  than  fifty  or  sixty  years  since  this  was  the 
only,  or  principal  use  attributed  to  that  function, 
whkh,  we  have  seen,  possesset  so  much  influence 
o  2 


ill  the  animal  economy.  I  have  memtioiied  I 
luiynx  to  you,  as  forming  the  commencementl 
the  organs  of  respiration, 
from  above,  is  called  the  g/o(//s, which  is  narrow, 
of  an  oblotig  sliape ;  and  tiiere  is  a  little  moi 
cai-tilage  lying  over  this  opening,  as  a  sort  of  defence 
to  it,  which  is  known  by  the  name  of  the  episfotth. 
Now  it  is  by  means  of  the  air  passing  through  the 
glottis,  that  the  voice  is  formed;  for  as  this  admitr 
of  various  degrees  of  contraction,  it  gives  to  thf 
current  of  air  passing  through  it  from  tlie  lungs,  a* 
bellows,  nil  the  varieties  of  voice  in  different  ani- 
mals possessing  this  structure,  and  all  tlie  diSenut 
modulations  of  sound  in  the 


SOPHIA. 

But  is  the  voice  entirely  formed  i 


the  larynx^* 


I  should  have  thought  that  the  nose  and  mouth  had 
much  to  do  with  it,  in  as  far  as  we  owe  our  speech 
to  the  tongue,  and  observe  a  great  difference  in  d 
tone  of  the  voice,  when  there  is  any  deffect  in  ti 
mouth  or  nose,  or  even  in  a  common  cold. 
OR.  \. 

The  various  cavities  of  the  nose  and  mouth,  giiJ 
a  sort  of  resonance  to  the  voice,  and  contribute  » 
its  force  and   clearness;  but  this  is  after  its  I 
■nation ;  and  with  legard  to  speech,  this  takes  plat 
by  giving  different  directions  to  the  sound  wtw 
farmed ;  the  opening  of  the  glottis,  or  the  i 
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glottidis,  the  chink  o(  tlie  gloltis,  as  it  is  called,  h 
regulated  by  ligaments  at  its  side^,  which  are 
liirectcd,  through  the  medium  of  minute  muscular 
structure,  by  the  will,  so  as  to  be  more  or  less  con- 
tacted, and  to  be  mode  inoi-e  or  less  tense,  nnd 
therefore  to  be  susceptible  of  vibrations  of  various 
Iretjueiicy,  by  the  passing  of  the  air  through  the 
o|>eiiiDg.  How  minute  these  alterations  of  ten- 
sion mu^t  be,  may  readily  be  ima^ned,  from  the 
easy  mode  in  which  the  voice  produces  its  nu- 
merous and  rapid  variations  of  note;  and  the  cor- 
rect manner  in  which  it  effects  the  various  mo- 
dulations of  sound,  of  which  it  is  capable.  Tiii^  ia 
the  more  extraordinary,  when  it  is  considered,  that 
the  curious  structure  now  mentioned,  is  lulapted  in 
a  small  cleft,  not  quite  an  inch  long,  and  not  more 
than  two  lines  broad,  which  exhibits,  to  the  eye  of 
the  most  practised  dissector,  no  difference  between 
the  apparatus  of  tlie  most  refined  voice,  nnd  lb.it 
of  the  coarsest  and  least  perfect  one. 

CHARLES. 

Then  we  may  consider  speech  as  consisting  ui 
(WO  parts ;  voice  or  sound,  which  is  formed  in  the 
larynx ;  and  the  divisions  or  modifications  of 
M>und,  which  are  formed  in  ihc  moudi. 


Certainly.     Hie  various  modifications  of  sound 

depend  on  the  former;  speech  on  the  direction 
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given  to  the  current  of  air  in  the  mouth,  by  meain 
of  the  tongue  and  lips- 
en  arles. 
But  I  think  we  possess  a  power  of  spnkiog 
i  expire.     In  this  esse, 


while  we  inspire,  as  well  i 

there  cannot  be  a  furmation  of  the 

to  the  furmation  of  leuers  and  woriis. 


voice,  previuiu 


We  can  certainly  exercise  a  sort  of  speech 
during  inspiration,  but  that  is  only  on  inveruon 
of  the  usual  order  of  proceeding.  The  same  »e- 
tioD  of  the  muscles  of  the  glottis  will  proclow 
sound,  whether  by  means  of  air  taken  in  or  thrown 


i 


out ;  and  if  tht 


atr  goes 


to  the  I 


lottis  m  a  par- 


ticular direction  produced  by  the  lips  and  tongue, 
as  in  the  case  which  you  mention,  speech  will  be 
exercised,  though  much  less  perfectly  and  harmo- 
niously, and  much  less  under  the  management,  " 
the  will  than  in  ordinary  circumstances. 


CHARLES. 

I  can  easily  conceive  that  this  must  be  the 
but  in  the  curious  art  of  ventriloquism,  it  i 
appear,  that  there  must  be  some  faculty  appended 
to  the  ordinory  one  by  which  language  is  formed 
for  exhibitors  in  this  way,  do  nut  seem   to 
their  lips  or  tongue,  or  appear  to  a  bystander 


ent^H 

J 

led: 

] 
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be  saying  any  thing,  at  the  time  that  they  are  ac- 
tively conversing  in  a  feigned  tone. 

DR.  A. 

The  mode  in  wliich  ventriloquists  perform 
dieir  feats,  is  but  liltle  known.  Some  have  thought 
that  they  really  had  an  accessory  organ  of  sjieech, 
or  a  sort  of  double  or  triple  larynx,  for  which, 
however,  there  is  no  sort  uf  evidence ;  and  others, 
that  their  o]wrBtions  were  to  be  accounted  for  by 
ihe  voice  being  directed  to  certain  echoing  parti 
of  a  room,  from  whence  it  seemed  to  originate. 
But  besideij  that,  as  you  observe,  they  do  not 
seem  to  us  to  employ  the  ordinary  organs  of 
speech,  they  arc  capable  of -exhibiting  their  powers, 
in  any  apartment  w)itcK  may  be  selected  for  them. 
It  has  been  suggested,  and  with  much  appearance 
of  probability,  that  ventriloquism  depends  on  a 
certain  power  possessed  over  the  glottis  and  its 
menibranes,  connected,  perhaps,  with  more  than 
ordinary  nicety  of  construction,  by  means  of  which 
power,  not  only  the  voice,  but  words  can  be 
formed  in  them.  It  certainly  seems  to  be  by  that 
organ,  (hat  parrots,  jackdaws,  and  some  other 
birds,  even  linnets  and  nightingales,  imitate  human 
speech ;  and  there  is,  therefore,  a  great  presnmption 
of  the  same  agency,  as  far  as  ventriloquists  are 
concerned. 

HARRIET. 

There  must,  however,  lie  a  species  of  fioecte 
o  » 
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employed  by  the  ventriloquist,  in  oi-iler  to  give  ai 
apparently  difTerent  (.UrectJoii  to  bis  words,  Itoih 
what  they  really  have. 

DR.  A. 

Diflcrence  df  force  will  imply  difference  ot'  dii- 
tance;  and  various  little  circumstances  can  be  rea- 
dily employed,  so  as  to  assist  (he  illttsion  of  die 
hearer,  by  withdrawing  his  ntteution  from  the 
person  of  the  venlriloquist,  and  making  tJie  dif- 
ference of  tone  and  of  force,  more  easily  appijr 
to  difference  of  persons,  and  difierence  of  dis 

HARRIET. 

Is  there  any  known  instnmient  to  which 
compare  the  voice  ? 


ri 


It  has  been  considered  by  some,  as  most  i 
logons  to  a  wind,  and  by  others,  lo  a  stringed 
uistrument;  but  the  most  perfect  imitationt 
that  of  the  vox  humana  ])ipe  in  the  organ, 
which  the  sound  is  produced  by  the  vibra 
of  an  elastic  plate,  agitated  by  a  current  of  a 
which  it  continually  admits  and  excludes, 
this  formation,  the  vox  humana  pipe  rescmb) 
very  much,  as  far  as  we  cnn  judge,  the  mechai 
employed  in  the  larynx  and  glottis.  KratTet 
and  Kempelen  even  made  some  pipes,  which  ii 
Uted  very  accurately  many  of  the  particular  soui 
of  the  human  voice. 
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There  must  of  course  be  con$klerabie  difFerences 
in  ihe  form  of  the  larynx  and  glottis  in  diflerent 
animals,  from  the  orguii  which  produces  the  roar- 
ing of  the  bull  or  lion,  to  that  which  gives  us  the 
jweet  and  diversified  melody  of  the  nij^htingale. 

DR.  A. 

Very  little  is  known  concerning  the  precise  mode 
in  which  the  many  varieties  ofsound  are  produced ; 
but  the  examination  of  the  organ  of  voice  in  dif- 
ferent tribes  of  animals,  cxltibit^  certain  variations 
of  appearance,  to  which  we  may,  without  being 
able  precisely  to  account  for  them,  fairly  reler 
tionie  of  the  different  phenomena  of  voice.  The 
apparent  differences  are,  liowever,  mostly  in  mng- 
nitude,  and  cannot,  it  is  obvious,  inform  us,  why 
some  animals  neigli  or  bray,  an  the  horse  and  a:  n : 
why  the  dog  barks ;  the  bull  roars ;  the  cat  mews 
or  purs ;  the  sheep  bleats  ;  or  the  frog  croaks. 

The  mammalia  resemble  each  other  in  having 
the  larynx  and  glottis  at  the  upper  part  of  the 
windpipe.  In  birds,  there  may  be  said  to  he  two 
larynxes ;  one  near  the  mouth,  the  other  just  before 
the  division  of  the  windpipe  uito  the  branches 
which  enter  the  lungs.  This  latter  is  the  glntti>;, 
the  proper  organ  of  voice ;  and  it  is  jiossessed  of 
u  great  variety  of  minute  muscular  siriictiire,  so 
as  to  admit  of  every  degree  of  tension  and  vibra- 
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tion.  Tile  function  of  the  superior  larynx  seems 
to  be  limited  to  the  shutting  up,  more  or  )ea 
completely,  of  the  upper  opening  into  the  trachci. 
hy  wliicli  means  it  assists  the  operations  of  tb* 
lower  one.  The  power  which  birds  have,  m  1 
hare  already  noticed,  of  admitting  a  large  quantti)' 
of  air  into  their  bodies,  aifords  to  them  the  meaiii 
of  keeping  up  a  much  stronger,  and  more  can- 
tinned  current  of  air  through  the  larynx,  than  an) 
other  DnJmals  can  do;  and  gives  them,  therelbrc 
a  volume  of  voice,  which  is  immensely  great, 
pared  with  their  small  dimensions. 


Is  there  any  reason  for  supposing  any 
of  natural  language  among  brutes,  for  the  pui 
of  their  communicating  witli  each  other  ? 
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^m         and  minil. 


I  think  it  exceedingly  likely  that  they  have 
power  of  expressing  any  strong  feeling,  in  a  matf 
Her  which  may  be  sufficiently  intelligible  to  each 
other  ;   for   man  can   understand  some  of  (bow 
natural  expressions.  But  there  is  an  immeasurable 
distance  between  such  natural  and  instinctive  in- 
dications of  their  wants,  and  the  faculty  of  spi 
which  man  possesses,  and  to  which  he  owes 
most  important  and  dignified  enjoyment  of 
the  power  of  ready  communication  betweea  ml 
and  mind. 


CONVERSATION  XIX. 


NIMAL   HEAT. 


J  HAVE  already  Dientioned  to  you,  that 
exists,  in  the  animal  kingdom,  a  difference  between 
some  of  the  classes,  from  the  possession  of  warm 
or  cold  blood.  This  is  connected,  in  a  consider- 
able degree,  wiUi  the  varieties  which  occar  in 
the  nature  of  their  respiration  :  for  where  the 
circulation  of  the  whole  mass  of  blood  is  carriad 
on  through  the  lungs,  as  in  man, most  quadrupeds, 
and  birds,  the  temperature  is  much  liigher  than  it 
is  in  tlie  amphibia,  fishes,  and  various  otiier  ani- 
mals, wliere  there  arc  either  not  lungf,  or  where 
the  circulation  through  die  lungs  is  incomplete. 

r  Harriet. 

■  Is  the  difference  of  temperature  considerable, 
then,  between  the  cold  and  the  warm-blooded 
animals  ? 


Very  considerable;  for  while  ttie  cold-blooded 
o  6 
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animals  generally  preserve  n  temperature  of  t«« 
or  three  degrees  only,  above  that  of  the  medini 
which   they  inhabit ;   the  warm-blooded  are 
only   at  a  degree  of  heat  which  is  very  sell 
reached  in  the  open  air,  even  in  the  warmer  L 
tudes,  but  have  a  power  of  preserving  that  h« 
under  any  changes  of  external  temperature  wl 
have  been  known  to  take  place. 

HAHRIET. 

But  would  the  temperature  of  the  coIJ-bloode 
animals  vary,  with  every  change  of  temperature  i^ 
the  medium  which  they  inhabit? 

DR.  A. 

Within  certain  degrees  only.  For  instance,  fro| 
when  kept  for  souie  time  at  a  temperature  of  1 1. 
were  found  to  have  the  heaC  of  their  bodies  raist 
only  to  about  80°. 

SOPHIA. 

Is  the  blood  of  all  warm-blooded  animals  i 
equal  temperature  ? 

DR.  A. 

The  human  body  has  a  temperature  of  aboo 
98° ;  most  quadrupeds  of  about  J  00" ;  while  birj 
are  at  as  much  as  107°  or  108°:  and  pigeons  ar 
even  said  to  be  at  109°.  But  fish  generally,  whid 
are  cold-blooded,  preserve  their  temperature  bol 
little  above  that  of  the  water  in  which  thev 
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niersetl ;  while  the  whale  tribe,  on  the  other  hand, 
being  warm-blooded,  preserve,  even  in  the  polai' 
seas,  where  the  temperature  is  always  near  the 
freezing  point,  a  heat  very  little  difTerenl  from  thnt 
of  quadrupeds. 

HARRIET. 

It  is  a  fortunate  circumstance  for  animals,  that, 
considering  the  great  variety  of  temperature  which 
occurs  in  the  course  of  the  year,  they  are  able 
to  suit  themselves  so  well  to  it ;  but  to  man,  who 
is  so  wandering  a  creature,  and  who,  in  his  ardour 
for  scientific  enquiries,  or  commercial  pursuits, 
visits  every  part  of  the  globe,  this  faculty  is  of 
great  imjjorinnce. 

Unquestionably ;  the  most  sultry  heats  of  the 
torrid  zone,  or  the  greatest  cold  of  the  jtolar 
regions,  may  not  only  be  his  natural  and  usual 
temperature,  but  may  be  those  which,  though 
a  native  of  a  very  different  region,  he  may  bear 
with  impunity.  The  heat  in  South  Carolina, 
at  Senegal,  and  on  the  banlu  of  tlie  Oronoko,  hii5 
been  as  high  as  11.')''  in  the  shade;  while  in  Si- 
beria, in  Greenland,  and  other  parU  of  tlie  high 
northern  latitudes,  even  Europeans  have  been 
able  to  sustain  a  cold  under  which  mercury  has 
frozen,  which  you  may  recollect  does  not  occur 
till  itHs  at  40°  below  zero,  or  73'^  below  the  frect- 
ing  point 
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CHARLES. 

'rhcn  it  appears,  that  the  human  race  is  dci 
only  capable  of  inhabiting  regions,  in  which  ttii 
tein|>eralure  may  vary  to  tlie  extent  of  155' 
(namely  115°  adtled  to  4-0°)  but  the  same  indi- 
vidual may  bear,  with  impunity,  variatiorL<>  ti>  tlii. 
extent. 

OR.  A. 

Our  adventurous  countrymen,  under  the  tom- 
inand  of  Captain  Parry,  used  frequently  tu  go,  in 
less   than   hiilf  a   minute,   that   Js,    in    the   tine 
merely  necessary  to  open  two  doors,  from  a  ten>| 
rature  of  above  60°  (which  was  readily  and  e< 
slantly  kept  up  by  means  of  stoves]  to  40°  below  i 
and     witliuul     inconvenience,     even     tliough    1 
mouUi  was  not  covered ;  and  it  was  observed 
them,  that  if  the  weather  was  calm,  they 
rienced  less  of  the  feeling  of  cold  from  so  grait, 
change,  than  to  one  of  0",  If  there  was  considei 
wind. 

CHARLES. 

This  we  continually  observe  in  this  amatif. 
But  do  animals  bear  these  changes  of  tentperstiif^ 
as  well  OS  man? 

DR.  A. 

Animals  are  much  more  dependent  on  extemil 
circumstances;  and  Uielr  clothing,  in  time,becaiiMM 
changed  by  the  difference  of  climate  to  wfaid 
they  may  be  exposed.  But  so  great  is  the  coU 
which  is  sometimes  experienced  in  the  poUr  ri 
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gions,  tbat  the  white  bear,  though  a  native  uf  the 
climate,  finds  it  beyond  his  tolerance,  and  be 
therefore  disappears  under  the  snow,  leaving  the 
field  to  the  white  fox,  which  is  alone  able  to  bear 
the  severity  of  the  weatlier. 

CKARLES. 

The  power  which  man  possesses  of  proteclijig 
himself  by  warm  clothing,  givea  him  on  immense 
superiority  over  every  other  animal,  and  is,  of 
course,  one  of  the  means  by  which  he  is  able  to 
bear  such  varieties  of  climates. 


Certainly;  for  the  efiect  of  cold  air  on  unpro- 
tected parts  of  the  body,  is  very  soon  to  deprive 
them  of  vitality ;  and  if  proper  means  are  not 
immediately  taken  to  restore  it,  (of  which  a  very 
important  one  is  friction  by  snow,}  mortification 
might  be  the  conseifuence. — There  were  some  very, 
curious  experiments  made,  many  years  ago,  by  Dr. 
Fordycc  and  Sir  Charles  Blagden,  and  subse- 
quently by  Drs.  Delaruche  and  Berger,  as  to  the 
extent  to  which  the  human  body  is  able  to  bear 
great  artificial  elevations  of  temperature.  They  got 
■mail  looms  heated,  partly  by  flues,  and  partly  by 
throwing  boiling  water  upon  them,  so  as  to  raite 
the  thermometer  to  240°;  and  they  were  able  to 
bear  this  temperature,  with  a  slight  clothing  only, 
diout  material  inconvenience ;  and  could  have 
I  evea  borne  a  bigber  dcgnt  of  heat. 


AXINAl.  HKAT. 
SOPHIA. 

But  tills  is  a  temperature  considerably  abas.' 
tlie  boiling  point  of  water. 


So  it  certainly  is ;  and  yet  the  body  could  bear 
it  witb  itiipuiiity.  The  touch  of  n-stch-chains,  <>i 
any  (liing  nietallic)  cnuld  not  be  borne  for  nn 
instant ;  but  at  tbe  same  time  that  substxnco 
I  to  this  great  heat,  acquired  nn  increiuc 
of  temperature,  more  or  less  rapidly,  occnrdinff 
lo  tlieir  natuie,  the  body  itself  felt  quite  cold  U> 
the  toucli,  anil  hail  but  little  elevation  &bove  the 
usual  temperature.  There  was  also  this 
circumstance  attending  the  experiment,  thatw 
the  air  was  set  in  motion  by  bellows,  it  incn 
much  the  feelinij  of  heat. 


>ove  the 

atwlM^B 

icreMj^H 


Tills  was,  I  suppose,  upon  the  same  principle, 
though  conversely,  as  the  sensation  of  cold,  which 
is  in  ordinary  circumstances  produced  during  a 
wind.  In  the  latter  case,  the  heated  air  surrouq 
ing  the  body  is  carried  off  as  soon  as  accumulatec 
while,  in  the  former,  the  air  which  is  cooled  I 
its  contiguity  to  the  body,  is  carried  off,  and  giyj 
place  to  a  fresh  sitpply  of  heeled  air. 


Certainly ;  and  in  the  same  way  the  sinKCQi 
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anil  other  cuirenls  of  air  which  are  heated  above 
(he  temperature  of  the  human  body,  will  appear 
to  tile  human  botiy  as  the  air  of  a  fui'iiac£.  The 
sirocco,  I  may  observe,  is  mention^  by  Brydone, 
Kf  sometimes  in<Iicatiiig  a  teaipcrature  of  112'^. 

SOPHIA. 

Were  any  animals  ex|K)se(]  to  this  high  tem- 
perature in  the  experiments  meiitionefl  by  you  ? 

DK.  A. 

A  dog  was  kept  half  an  hour  in  a  basket,  in  a 
teniperalnre  of  236'^;  he  soon  began  to  pant,  and 
hold  out  his  tongue ;  but  he  was  so  little  afiected, 
during  the  whole  time,  as  to  show  signs  of  plea- 
sure when  they  approached  him :  he  was  quite 
lively  when  liberated,  and  did  not  seem  at  alt  the 
worse  for  the  experiment. 

SOPHIA. 

But  in  what  way  can  this  extraordinary  want 
of  power  of  such  elevated  temperature  in  oflTecting 
the  body,  be  accounted  for  ?  In  some  circumstances 
heat  becomes  latent,  but  one  does  not  see  how 
this  Ciin  happen  in  die  present  case. 

DR.  A. 

Ill  the  first  experiments,  it  was  supposed  ihul 
no  elevation  of  tem)>erature  takes  place  in  man, 
or  other  animals,  by  exposure  to  heated  uir,  in  the 
way  mentioned.    This,  however,  was  subsequently 
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tbund  to  be  not  perfectly  accurate.  An  elen 
of  several  degrees,  aonielimes  takes  place  i 
sucli  circumsCant:es ;  but  this  is  stil]  triHing  when 
comporeil  to  the  tem|>erature  withstood.  —  It  wm 
found,  that  on  the  first  exposure,  there  was  « 
great  sensation  of  burning,  which  was.,  however, 
speetiily  rt;Ueved  by  an  abundant  perspiratitw. 
which,  by  its  cooling  operation,  carried  off  ihe 
heat  which  might  otherwise  hove  produced  more 
sensible  effects  on  the  body.  So  that  you  are 
GO  far  right  as  to  a  certain  quantity  of  tlie  heal. 
to  which  the  body  was  exposed,  becoming  l&t£Dl, 
and  thus  losing  the  power  of  exiiibiiing  itiielf  in 
the  usual  way.  In  the  dug,  the  same  efTect  wu 
produced  by  transpiration  from  tlie  lungs,  which, 
in  that  genus  answers  the  purpose  of  exholatioa 
from  the  skin. 

CHARLES. 

But  is  it  certain  that  the  appearance  of  g 
perspiration  might  not  be  decejiiious,  while  it  n 
really  a  deposit  on  the  cooler  body,  (rom  thev 
witli  which  the  room  was  filled  a 


A  part  might  arise  from   this  cause ;  but  I 
agency  of  the  former  was  indicated,  by  tlie  eSvo* 
of   confining    animals   to   high   temperatures  a 
steam,   when   evaporation   from   the  surface  i 
prevented.     In   such   cases,  the  animal  i 


lUrrace  w|i^_ 
ml  siifleni|^| 
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more  from  the  heat,  and  hod  its  temperature 
much  more  raised  than  in  ordinary  circumstances. 
It  is  to  be  observed,  however,  ihnt  even  a  higher 
temperature  ilian  that  to  which  Dr.  Fordjce  and 
Sir  Chnrles  Blngilen  were  exposed,  has  been  sus- 
tained without  inconvenience;  for  Tillet  and  Du- 
hamel  communicated  to  the  academy  of  sciences, 
some  yciirs  previously,  an  account  of  some  females 
in  the  employ  of  a  baker  at  Rochefoucault,  in  An- 
goumois,  who  were  in  the  liablt  of  going  into  an 
oven,  healed  to  the  temperature  of  278°  (105°  of 
R.)  remaining  there  14  or  15  minutes,  and  suA 
fering  no  particular  inconvenience,  unless  they 
touched  the  surface  of  the  oven,  which,  like  the 
metallic  substances  in  the  experiments  which  1 
mentioned  to  you,  communicated  a  heat  that  could 
DOl  be  borue. 

HARRIET. 

Were  any  other  effects  observed  in  those  de- 
rated tempernlures,  than  what  you  have  noticed 
relative  to  tlie  bodies  of  the  experimenters,  or  ani- 
mals introduced  with  them  ? 


Eggs  were  readily  cooked,  and  steaks  fried ;  and 
the  cooking  process  was  hastened,  by  blowing  the 
worm  air  on  the  steak  by  bellows.  Water  was  not 
made  to  boil,  unless  covered  with  a  litde  oil  or 
wax,  which  seemed  to  prevent  evaporation,  and  in 
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teini>erature,  however,  does  not  seem  much  to  ex- 
ceed 120°;  hut  this  is  an  elevation  at  wliich  heated 
water  can  hardly  be  tolerated ;  and  immersion  Tor 
three  minutes  in  the  Bnrege  water,  at  113°,  pro- 
duced much  inconvenience.  Spirit  of  wine  was 
insupportably  hot  to  the  touch  in  Fordyce's  expe- 
riments. 


U  the  hettt  of  tlie  Iwdy  quite  tite  same,  in  all 
temperatures  of  air,  climates,  and  seasons? 


n  Not  exactly  ;  tor  Dr.  Davy  found  an  elevation 
of  one  or  more  degrees  of  Falirenheit,  in  the  inha- 
bitants of  Ceylon,  above  tliat  of  persons  living  in 
northern  latitudes.  Seasons  hnve  likewise  a  cer- 
tain influence  on  temperature,  though  the  subject 
lias  been  but  little  attended  to.  Sparrows  were, 
however,  found  by  Di".  Edwards,  to  be  in  February 
at  105°,  in  April  at  107",  and  in  July  at  HO". 
The  same  gentleman  also  observed,  that  the  power 
which  is  posscsseil  by  animals,  uf  producing  heat, 
varies  with  the  season  ;  a  low  artificial  temperaturt- 
reducing  the  heat  of  sparrows,  much  less  in  winter, 

f  dinn  in  summer. 

CHAIU.EN. 

Is  it  not  probable  that  there  may  lie  a  gi-eatei 
rree  of  vigour  in  the  system,  in  cold,  than  warm 
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sleep,  and  continue  totally  inactive,  until  the 
warmth  of  ihe  sun  roiiscs  them  into  action,  and 
restores  ihcir  pristine  staW  of  existence.  They 
roH  themselves  up;  become  rigid  ;  their  respiration 
being  slow,  wt'nk,  irregular,  and  for  a  long  time 
sus|)ended ;  and  their  temperature  very  iiiueli  dimi- 
nished. Digestion  ceases ;  tlicy  t.ike  no  food  ;  and 
ihe  action  of  their  muscular,  absorbent,  and  nervous 
powers,  is  fur  a  time  suppressed.  These  animals 
ore  called  hybcrnaliit)^. 

HAItlllF.T. 

What  an  extraordinary  ch.angG;  and  how  re- 
markable must  be  the  nature  of  the  animals  which 
are  subject  to  such  an  alteration  of  appearance. 
But  are  ihcre  many  animals  which  undergo  tliU 
extraordinary  change  ?  '    , 


Not  a  great  number,  though  there  are  soDoe  in 
all  the  classes,  except  fishes  and  birds.  Among 
(he  mammalia,  are  bats  hedgehogs,  dormice,  and 
iiiannots ;  in  the  other  classes,  are  flies,  insects, 
worms  snakes,  ""'^  oviparous  tjuadrupcds,  includ- 
ing under  ihat  title,  frogs,  toads,  and  lizards. 

SOPHIA. 

Bui  then  it  is  only  in  the  colder  climates,  I  tup- 
ixwe,  that  the  phenomena  of  torpidity  occur. 
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In  no  others ;  and  beiice,  during  the  whole  jear. 
the  insect  and  snake  tribes  preserve  their  noxiwi 
qualities  in  the  warmer  latitudes. 


But  how  is  it  possible  that  animals  can  \m 
ivitliout  food,  and  with  an  almost  total  suspeusk 
of  all  the  functions  of  life? 


DR.  A. 


It  is  because  the  functions  of  life  are  suspend^ 
by  which  means  there  is  not  the  demand  on  I 
constitution,  which  occurs  during  active  existeod 
and  therefore  not  the  continual  waste  which  1 
cpiircs  supply. 


Then  I  suppose  the  temperature  falls  ncarlfj 
the  degree  of  the  atmosphere  ? 


Within  a  few  degrees  of  that  to  which  ihcv  art 
exposed;  but  you  wiii  recollect  that  hybemating 
animals  conceal  and  bury  themselves  in  situation^, 
where  the  external  air  has  not  its  full  forti. 
TTieii-  tem(>erature,  however,  always  remains  somi 
d^rees  above  that  of  the  atmosphere ;  and  it  tl 
fore  appears,  that  they  have  a  power  of  gienen 


anditihtn^ 
ofgenendlj^l 
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heat,  though  in  a  small  degree  compared  lo  the 
non-hybernatinf;  animals. 


But  would  exposure  to  considerable  cold  during 
the  summer  have  the  same  effect? 


In  many  it  has  been  tried ;  and  exposure  to 
freezing  mixtures,  or  confinement  in  icehouses, 
have  diminished  temperature,  and  producetl  tem- 
porary torjiidity. — 'Hiere  is  a  curious  circumstance 
which  attends  tlie  exposure  of  torpid  animals  to 
noxious  gases,  as  the  carbonic  acid,  azotic,  or  hydro- 
gen gases.  As  they  breathe  very  imperfectly,  or  not 
at  all,  when  in  this  state,  they  suffer  no  injury  when 
immersed  in  them ;  but  as  soon  as  they  begin  to 
revive,  and  to  breathe,  the  destructive  agency  of 
these  gases  is  felt.  Torpidity,  however,  exists  in 
TATtous  degrees;  and  hence  respiration,  and  the 
change  effected  by  it  in  atmospheric  air,  are  much 
diversified.  The  power  of  taking  food  likewise 
varies,  being  totally  interrupted  when  the  torpidity 
w  complete. 

CHARLES. 

Has  the  experiment  to  keep  off  torpidity  by 
artificial  warmth  been  tried  ? 

DR.  A. 

hi  Beveral  instances,  particularly  among  mar- 
aiots,  which,  in  warm  rooms,  and  with  &  picntifiil 
VOL.  II.  P 


supply  of  food,  could  be  kept  in  activity  during 
ilie  whole  of  the  winter. 

CHARLES. 

The  effects  of  heat  on  the  hybernating  aoiinnls, 
seem  lo  hear  tiome  kind  of  nnalogj-  to  what  vn 
observe  of  plants.  When  the  cold  approaches, 
their  leaves  wither  and  droop ;  they  soon  lose  iheir 
beauty,  and  in  a  considerable  degree  their  ex- 
ternal character,  which  is  only  restored  by  the 
return  of  spring  and  of  warmth. 


You  are  quite  right :  heat  is  indeed  one  of  ih 
most  inipurtaiit  agents  which  nature  emplovs  a 
die  production  of  that  continual  series  of  chaogH 
which  are  every  where  exhibited,  whether  In  th«. 
animate,  or  inanimate  world  ;  whether  in  the  anii 
mal,  vegetable,  or  mineral  kingdom.  Every  hoif 
in  nature  possesses  a  certahi  quantity  of  it,  whidi 
is,  as  vou  know,  either  in  the  sensible  or  laienll 
state,  or  both ;  and  the  suik  is  the  great  means  b 
which  temperature  is  kept  up,  or  renewed.  Ti» 
animal  body  is  itself,  however,  a  system  in  wfaid 
heat  is  generated  for  its  own  peculiar  wants; 
in  ibis  we  see  a  beautiful  provision  of  nature  for 
the  intle|tendence  of  the  animal,  and  for  the  pro- 
per carrying  on  of  its  functions,  under  alo 
every  variety  of  temperature. 
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I  am  very  anxious  to  know  in  what  way  this 
continual  production  of  heat  is  ejected.  It  is 
a  wonderful  process. 


I  shall  endeavour  to  give  you  a  general  view  of 
what  is  known  on  this  subject;  but  it  is  one  of 
great  difficulty,  and  many  points  relative  to  it 
require  further  elucidation.  After  the  niodeni 
doctrines  on  chemistry  had  thrown  a  light  on  the 
phenomena  of  combustion,  which  had  luit  been 
received  before,  attempts  were  made  to  apply  the 
same  principles  to  account  for  the  production 
of  animal  heat. 

SOPHIA. 

But  was  it  not  rather  a  wild  speculation  to 
fuppose  any  analogy  to  exist  between  combustion, 
in  which  the  heat  is  exceedingly  elevated,  and  ani- 
mal heat,  which  rises  so  short  a  wny  in  the  scale 
of  temperature?  unless,  indeed,  we  are  to  imagine, 
that  there  is  something  of  a  fiimace  within  us, 
from  which  the  heat  of  our  bodies  is  derived. 

DR.  A. 

You  hardly,  however,  recollect  the  phenomena 
of  combustion,  or  you  would  not  consider  the 
analogy  to  be  so  iniiierfect. 

f  2 
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contact  with  the  lungs.  U  the  oxygen  hud  be- 
come fixed,  and  its  gaseous  form  had  disappeared, 
I  could  easily  conceive  that  the  heat  necessary 
for  maintaining  it  in  the  state  of  air  would  be 
evolved,  just  as  when  vapour  becomes  water,  or 
water  ice;  but  it  was  gas  before  its  contact  with 
the  lungs,  and  gas  afterwards. 


Your  objection  is  a  very  fair  one ;  and  the  cir- 
cmnstance  depends  ou  tliat  particular  principle 
in  chemistry,  which  is  termed  capacity  for  heat. 
This  is  the  particular  quality  or  disposition  which 
bodies  possess,  by  means  of  which  they  require 
different  quantities  of  heat  to  raise  them  to  tht^ 
same  temperature. 

HAltHIET. 

I  recollect  that  in  the  Conversations  on  Che- 
mistry, this  principle  is  exemplified  by  the  dif- 
ferent Iieating  of  similar  weights  of  three  different 
bodies,  lead,  chalk,  and  milk,  when  placed  in  an 
oven.  The  lead  heated  first,  the  chalk  next,  and 
the  milk  most  slowly,  though  they  were  all  ex- 
posed to  similar  temperatures. 


■r  And  it  was  further  exemplified,  that  these  bodies 
possessed  different  quantities  of  heat  in  them,  by 
the  different  quantities  of  heat  which  they  wer« 


* 
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the  blood  is  changed  from  a  dark,  to  a  florid  red, 
in  the  lungs,  in  consequence  of  the  influence  ex- 
ercised upon  it  bv  atmospheric  air.  It  nas  con- 
sidered that  the  capacllj'  of  the  florid,  is  greater 
than  that  of  the  dark-coloured  blood;  and  that 
when  the  latter  became  converted  into  tlie  former, 
the  heat  which  was  elicited  from  die  atmosphere, 
and  would  have  raised  the  temperature  of  the 
blood  in  the  lungs,  was,  as  it  were,  absorbetl,  and 
Its  sensible  effects  suspended. 

CHARLES. 

So  that,  in  point  of  fact,  though  both  descrip- 
tions of  blood  would  be  of  the  same  apparent 
temperature,  yet  they  would  actually  possess  dif- 
ferent quantities  of  heat. 

DR.  A. 

Certainly. 

CHARLES. 

But  then  in  what  way  would  heat,  according  to 
this  idea,  be  extricated  over  the  body  ? 

DR.  A. 

By  means  of  the  conversion  of  the  florid  into 
the  dark-coloured  blood;  for  as  t)m  lakes  place 
■U  over  the  boily,  wherever  arteries  terminate  in 
;veins,  heat  would  of  course  be  elicited,  and  in  a 
very  gradual  and  uniform  way,  merely  by  the 
conversion  of  the  arterial  into  venous  blood.    Tliis 


was  a  very  beaiitirul  and  satisfactory  view  of  the 
ject;  and  as  tlie  difTerence  of  the  capacity  for  lief 
arterial  and  venoas  blood,  was  supposed  to 
as  ll*.5  to  100,  there  was  differeace  enough 
account  for  the  effect  produced ;  but,  unlu< 
for  this  theory,  it  has  since  been  discovered  by 
Dr.  Davy,  that  the  difTerence  of  capacity,  between 
the  one  and  the  other,  is  so  small,  as  not 
be  sufficient  to  account  for  the  pbenomenoD 
question. 

HARBIET. 

How  very  perverse  it  is,  that  when  a  thee 
has  been  discovered,  which  accounts  satisfactor 
for  every  diflSculty  in  a  subject,  we  should 
at  once  have  our  views  unsettled,  and  be  tuni 
adrift  into  the  world  of  doubt  and  uncertainty. 

DIL.  A. 

It  is  doubtless  a  hard  case,  though  not  an  v 
frequent  one ;  but  these  are  disappointnients  whi 
must  be  borne  with  fortitude  by  all  who  have  tru 
for  their  object. — Tliere  is  another  objection,  ho 
ever,  which  is  not  less  unmerciful  on  tlie  chemit 
theory  of  animal  heat,  than  that  which  I  have  m 
mentioned ;  it  is  this,  —  that  al^er  an  animal  ii 
been  decapitated,  the  circulation  of  the  bio 
through  the  heart  and  lungs  can  be  kept  up,  as 
the  change  of  its  colour  from  venous  to  arterii 
produced,  without  any  production  of  animal  hd 
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This,  therefore,  evinces  tliat  there  are  many 
obscurities  in  the  subject,  which  have  not  been 
yet  removed. 

HARRIET. 

But  in  such  cases,  were  the  changes  produced 
on  the  air  respired,  just  as  in  ordinary  respiration  ? 


They  were  very  similar ;  carbonic  gas  was 
formed,  and  oxygen  disappeared. 

HARRIET. 

TTien  it  would  appear,  from  this  extraordinary 
and  repulsive  experiment,  that  respiration  is  in 
no  way  connected  with  the  production  of  animal 
heat,  since  the  air  exerts  its  proper  influence  on 
the  blood,  and  no  heat  is  produced. 


And  yet  we  cannot  at  once  reach  dns  conclu* 
sioD ;  for  the  animals  which  have  the  most  perfect 
system  of  respiratory  organs,  have  most  heat ;  and 
in  them  it  is  uniformly  obsen,-ed,  that  whatever 
quickens  the  cu'culation  through  the  lungs,  will 
augment  temperature ;  and  whatever  retards  the 
circulation,  will  diminish  it.  This,  therclbre, 
evinces  a  connection  between  those  functions,  which 
a  not  yet  thoroughly  understood.  I  may  obsene, 
however,  that  some  later  experiments,  mode  both  in 
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France  and  in  this  country,  show  that  Mr.  Broc 
exiKriments  {for  it  is   to  that   able  pbysiolog 
that  we  are  indebted  for  them)  are  not  so  ii 
concilable,  as  was  originally  imagined,  to  the  c 
mical  theory  of  respiration.     It  is  to  be  r 
likewise,  that  wlien   carbonic  acid  is  formed  ( 
of  the  body,  by  the  combustion  of  carlwn  inoxj-gt 
(which  is  a  process  similar  to  what  occurs  in  tl 
luDgs,}  there  is  found  to  be  an  elicitment  of  a  w 
large  quantity  of  heat,  which,  it  is  reasonable  | 
suppose,  would  be  disposed  of  in  heating  the  b 
where  the  same  phenomenon  goes  on  within  it.  ] 
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Im  the  general  views  which  I  have  endeavoured  to 
communicate  to  you,  relative  to  the  animal  economy, 
I  have  treated  of  those  functions,  which  tend  to  ttie 
supportof  life  and  strength, and  which  arecoiinected 
with  the  exercise  of  the  particular  powers  and  pro- 
perties,  for  which  the  animal  is  destined.  We 
have  got  nearly  to  the  termination  of  the  plan, 
which  I  meant  to  pursue  for  your  amusement  and 
instruction,  in  our  late  meetings ;  and  it  is  my  in- 
teoti<Hi,  on  the  present  occasion,  to  give  you  some 
information  relative  to  the  growth  and  decay  of 
the  body,  as  a  finale  to  our  operations  respeclinf; 
the  animal  economy  for  the  present. 

The  whole  of  die  organs  of  the  animal  body 
are  intended  as  a  mutual  support  and  protection 
to  each  other.  Nourishment  goes  on  at  all  periods 
of  life,  but  in  very  different  degrees.  In  infiincy 
ivnd  youth,  it  is  intended  that  the  various  parts  ol' 
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the  body  should  expand  to  their  designed  size; 
luid  tlie  food  which  is  taken  in,  is  therefore  not 
only  destined  to  support,  but  to  enlarge.  Growtli. 
however,  is  limited  by  that  law  which  nature  has 
attached  to  every  object  in  the  creation;  and  after 
maturity  has  been  obtained,  the  principle  of  decay, 
which  is  inherent  in  our  natures,  soon  becomes 
uianifesi.  The  apparatus  which  is  attached  to  life, 
is  to  lost  but  for  a  certain  time,  in  spite  of  the 
admirable  provisions  which  exist  for  preserving 
health,  and  for  warding  off  disease.  —  At  the 
earhest  periods  oF  eicistence,  growth  is  exceedinglj 
rapid,  and  nature  seems  to  be  solely  occupied  b 
contributing  to  it.  The  alternations  of  food 
rest,  occupy  nearly  the  whole  time;  and  it  is 
till  a  certain  portion  of  size  and  strength  are 
tained,  tliat  other  objects  can  be  attended  to. 
This  is,  however,  principally  the  case  wiili  man; 
for  in   many   parts  of  the    animal  cre.ttion,    the 


young  sc 
porents. 
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to  be  II 


n  obtain  a  certiun  independence  of  ihetr  J 

HARRIET. 

:ruit  which  is  obtained  by  sleep,  appj 
very  wonderful  provision  of  nature,  foB 


restoring  the  energy  of  the  frame. 


A  very  extraordinary  and  admirable  one,  _ 
fhich,  during  an  obhvion  of  every  external  cii^i 
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cumstance,  the  body  obtains  a  revival  of  its  powers, 
(lad  the  capacity  ot'  resuming  it«  exertions.  Mere 
quiescence  is  not  sulHcient  to  restore  tlie  animal 
strengtli  after  liitigiie.  Tliat  can  go  only  a  certuti 
way;  but  in  the  effects  of  the  bolniy  influence 
which  sleep  exercises,  the  menial  and  bodily  fa- 
culties obtiiLi  a  sure,  and  constant  renewal  of  their 
energies. 

CHARLES. 

We  are,  I  presume,  to  take  sleep  as  a  (act, 
which  is  not  to  be  accounted  for,  any  more  than 
the  operations  of  mind,  or  the  connection  which 
the  mental  and  bodily  part  of  our  frames  bare 
together. 


Some  endeavours  have  been  made,  on  mecha- 
nical principles,  to  account  for  this  phenomenon, 
but  they  have  been  quite  insufRcient;  and  wemnst 
be  satisfied  on  this,  as  well  as  various  other  sub- 
jects of  an  obscure  nature  in  physiology,  to  attend 
to  ^ts,  and  not  to  burthen  ourselves  with  useless, 
and  unavailing  hypodieses. — The  soundest  sleep 
is  enjoyed  during  complete  recumbence,  when 
there  is  a  total  cessation  of  all  voluntary  exertion. 
Sleei>  is,  however,  occasionally  to  be  obtained,  in 
great  fatigue,  under  almost  any  circumstances. 
It  has  been  said,  that  during  the  bottle  of  the 
Nile,  some  of  the  boys  were  so  overpowered  with 
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fatigue,  that  they  lay  down  and  slept  most  beavQj, 
amid  the  hottest  of  the  action.  Couriers  sod 
pogtillions  have  often  been  known  to  sleep  wbeii 
on  horseback ;  and  it  has  been  stitted  that  man)' 
of  the  soldiers  of  General  Moore's  army  fell 
asleep  during  their  inarch,  and  continued  walkine 
on,  notwithstanding  this  occurrence. 

SOPHIA. 

It  seems  to  be  hardly  credible,  that  persons 
should  be  able  to  sleep  without  tailing.  h 


And  yet  we  know  that  there  is  such  a  thing 
as  somnambulism,  or  walking  in  sleep ;  vbicb, 
though  not  quite  a  case  In  point,  shows  clearly,  ibst 
under  particular  circumstances,  a  certain  command 
may  be  retained  over  the  limbs  during  sleep. 
Perhaps  the  greatest  privation  to  which  the  body 
can  be  subject,  is  want  of  rest ;  and  the  utmost  re- 
finement of  punishment  which  can  be  Inflicted,  if 
that  of  continually  interrupting  and  prevectit^ 
sleep,  as  we  read  has  been  done  by  some  tyranU 
of  old.  Captain  Barclay's  exertion  of  walking 
1000  miles  in  1000  hours,  was  a  very  great  ooCi 
merely  viewed  as  being  24  miles  a  day,  for  abon 
40  days.  It  was,  I  imagine,  more  than  any  hone 
could  go  through  ;  but  when  you  consider  tiiat  it 
was  two  miles  every  two  hours,  so  as  that  oei 
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more  than  one  hour  and  a  halPs  sleep  at  a  time 
could  be  obtained,  it  is  quite  extraordinary  how 
be  coidd  accomplish  such  an  enterprise. 

SOPBIA. 

I  am  afraid  it  is  a  tender  subject  to  touch  upon 
with  us;  but  I  should  like  to  know  what  (quantity 
of  sleep  may  be  considered  to  be  necessary  in 
the  2*  hours  ? 

Much  depends  on  habit,  and  something  on  ori- 
ginal constitution :  but  few  people  can  do  without 
six  or  seven  hours'  sleep,  and  none  ought  to  have 
more  than  eight  or  nine.  Laborious  students,  how- 
ever, and  others  who  are  very  provident  of  their 
timei  have  limited  tlieir  sleep  to  four  or  five  hours, 
or  even  less, — During  sleep,  there  is  a  gradual  dimi- 
nution of  animal  action.  The  pulse  becomes  slower; 
the  process  of  digestion  goes  on  less  vigorously;  and 
there  is  a  slight  approach  to  that  sort  of  suspen- 
sion  of  action,  which  occurs  in  the  hybernating 
animals.  The  diminution  of  heat  which  occurs 
during  steep,  is  well  marked  by  the  circumstance, 
that  if  persons  fall  asleep  with  only  their  usual 
clothing,  tliey  often  find  themselves  exceedingly 
,  diilly  on  awaking. 

SOPHIA. 

When  people  dream,  is  it  from  their  sleeping 
less  eound,  and  from  the  powers  of  the  mind  being 
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therefore  less  completelv  suspended,  than  in  onii- 
nary  circumstances  ? 

DR.  A. 

This  is  not  unlikely ;  because  we  generally  Bmi, 
that  a  6rst  sleep  is  more  sound,  and  is  freer  fioui 
dreams,  than  a.  second,  or  what  occurs  nearer  th< 
time  of  rising. 

HARRIET. 

What  a  very  extraordinary  thing  dreaming 
seems  to  be.  It  appears  as  if  some  of  our  Acuities 
were  as  acute,  or  even  acuter,  than  ordinary,  while 
others  are  totally  suspended. 


We  certainly  feel  ourselves  able  to  perform,  wi 
perfect  facility,  all  the  ordinarj'  actions  of  life, 
have  a  most  extraordinary  want  of  recollection 
post  events ;  so  that  we  can  act  with  persons 
have  been  long  dead,  and  with  a  total  obliyioa 
events  and  circumstances  long  gone  by-    It  is  lil 
wi^  curious,  that,  though  we  may  seem  to 
our  usual  judgment,  ajid  power  of  observation, 
many  things,  our  dreams  often   exhibit  a  great 
wildness  and  inconsistency,  which  pass  by  without 
oSending   us,  or   appearing  to  be  at   all 
ordinary. 


CHARLES. 

We  seem  to  go  on,  from  subject  to  subject, 


extn^H 
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very  desultory  way,  and  as  though  we  had  no  com- 
mand of  our  thoughts ;  and  I  suppose  that  variou* 
circumstances  which  have  recently  taken  place  in 
waking  hours,  may  make  our  ideas  take  a  parti- 
cular direction. 


This  is  unquestionably  the  case ;  and  it  seems 
as  ifj  when  once  a  particular  direction  was  given 
to  our  ideas,  our  imagination  went  on  in  a  most 
uncontrolled  way,  and  seemed  to  be  on  the  watch 
for  new  trains  of  association,  and  for  new  and 
often  grotesque  and  fanciful  combinations.  The 
e&ects  of  various  diseases,  particularly  indigestion, 
and  some  of  those  which  affect  the  chest,  in  pro- 
ducing unpleasant  dreams,  are  well  known;  and 
every  one  has  occasionally  felt,  that  a  late  and 
heavj'  meal,  will  give  rise  to  various  unpleasant 
dreams,  and  go  to  the  extent  of  producing  night- 
mare. I  heart]  the  late  Professor  Gregory,  when 
I  attende<l  his  lectures  many  years  ago  in  Edin- 
burgh, give  a  curious  example  of  the  effect  of  a 
bodily  impression  in  producing  a  dream.  He  was  at 
Rome,  and  being  ill  of  fever,  sinapisms,  or  mustard 
poultices,  were  applied  to  his  feet:  these,  when 
they  began  to  take  effect,  produced  a  considerable 
heat  in  those  |>nrts,  and  made  him  dream  diat  he 
was  ascending  IMount  ^^tna,  ami  that  he  found 
the  heat  of  the  ground  insupportably  great. — It  is 
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tbe  readiness  witli  which  dreams  follow  certain 
trains  of  association,  and  the  wunt  of  any  ap)>areni 
ccHitrol  over  them,  that  led  Mr.  I>ugald  ytewart. 
ij>  investigating  the  state  of  mind  during  sleep. 
and  ill  considering  what  faculties  continue,  miJ 
what  are  suspended  at  tliat  time,  to  form  tbt 
(pinion,  that  during  sleep,  those  operations  uf  the 
mind  are  suspended,  which  depend  upon  the  will; 
the  succession  of  thoughts  following  tbe  usual  lair- 
of  association,  without  having  that  sort  of  influence 
exercised  upon  them,  of  which  we  are  capable, 
when  awake. 

CHARLES. 
So  that   memory  and  judgment,  Mr. 
supposes,  are  suspended,   because   tlieii- 
requires  a  certain  voluntary  exertion  on  our  ] 
and,  Iience,  we  neither  compare  the  circumstances 
which  seem  to  be  passing  before  our   eyes,  with 
past  events,  nor  discover  their  extravagance  or 
inconsistency. 


Such  is  his  opinion ;  and  a  part  of  liis  I 
depends  on  tlie  supposition,  that  trains  of  ideas  ■ 
continually  passing  through  the  mind,  both  I 
sleeping  and  waking ;  or,  in  other  words,  that  t 
always  dream  during  sleep,  but  do  not  alwi 
recollect  our  dreams. — In  the  period  of  infencj^ 
larger  portion  of  sleep  is  necessary  than  in  after  li 
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The  same  is  the  case  in  old  age,  when  nature  is 
soon  exhausted,  and  seems,  with  the  occasional  loss 
of  faculties,  to  go  back  to  the  feebleness  of  early 
life. 

CHARLES. 

There  mus(,  I  should  Imagine,  be  great  original 
differences  in  llie  strenglli  of  individuals,  as  indi- 
cated by  the  various  periods  at  which  old  age  ex- 
hibits itself. 

DR.  A. 

I  have  no  doubt  that  there  are  such  differences, 
independently  of  the  effects  produced  by  various 
habits  of  life.  It  is  very  seldom,  however,  that 
old  age  is  allowed  to  make  its  quiet  and  imper- 
ceptible inroads.  The  numerous  accidents  to 
which  we  aee  subject,  and  the  various  causes  of 
disease  which  are  continuallyin  operation, leave  but 
few  lo  die  of  old  age.  The  earlier  that  the  human 
species  advances  to  maturity,  the  sooner  is  the  ap- 
proach of  age;  and,  in  some  curious  examples, 
where  maturity  occurred  during  infancy,  the  de- 
cline of  life  came  on  at  little  more  than  the  usual 
adult  period.  In  southern  climates,  likewise,  where 
maturity  is  early,  age  comes  on  rapidly. 

w  HAIIRtET. 

Ik    Is  there  any  reaso[i  for  supposing,  that  there  ts 
'  nmch  difference  between  the  modem  period  of  life, 
and  that  of  ancient  times  ? 


David  s]]eaks  of  die  age  of  man  b^g,  in  li 
time,  only  threescore  years  and  len,  or  iii  very  r. 
cases,  fourscore  years,  wliich  is  what  we  may  n 
gard  as  the  general  limit  of  humaa  ( 
present ;  nor  does  it  appear  that  the  ancients,  a 
exceeded  the  average  length  of  life  in  i 
tiroes.  Of  course,  we  set  aside  that  extraonUnoiy 
duration  of  existence, which  isdescribed  in  tlieearl; 
part  of  the  Mosaic  history,  and  was  destined  to  af> 
ford  a  better  opportunity  for  peopling  the  eanlk 


I  think  the  famous  Parr  lived  to  the  age  of  ISt 
years,  and  Jenkins  to  169.  It  would  be  curious 
to  know  whether  their  families  were  at  all  dis^ 
guished  for  longevity. 


It  has  been  said  that  Parr's  was  ;  and  it  is  not 
unlikely  that  the  stamina,  which  persons  who 
live  to  advanced  periods,  possess,  may  be  ca- 
pable of  transmission.  Parr's  grandson,  Michael 
Michaelstone,  lived  to  the  age  of  127,  and  died  in 
theyearI763. — There  wasacurious  statement  made 
out  some  years  since,  relative  to  the  ages  ofthe  resi- 
dent pensioners  of  Greenwich  Hospital,  amounting 
at  the  time  to  2*10  in  number,  from  which  I  ahiii 
|x>int  out  the  principal  particulars.     Of  lliis  nuo^ 


flROWTH    AND    DECAY.  933 

ber,  96  had  attained  to,  or  passed  the  age  of  SO ;  one 
only  was  above  100;  15  were  90  or  more;  and 
80,  were  80  or  more.  About  42  of  tbe  96  were 
of  aged  families ;  and  in  some  of  this  ifumber,  both 
parents  had  been  aged.  80  of  the  96  liad  been 
married ;  79  were  in  the  habit  of  using  tobacco  in 
some  form  or  other ;  and  48  liad  drunk  freely. 
20  were  eniirety  without  teeth  ;  52  had  bad,  and 
1 4  good  teeth.  But  the  oldest  man  in  the  house, 
who  was  102,  had  fonr  new  front  teetli  within  the 
five  preceding  years.  Vision  was  impaired  in 
about  one  half;  and  hearing,  only  in  about  a  fifth 
part  of  the  number. 

SOPHIA. 

How  pleasantly  Greenwich  pensioners  must  live, 
amid  a  total  freedom  from  care,  and  with  nothing 
to  do  but  to  enjoy  themselveH  among  many  of 
tfa^r  old  cronies ;  fighting  over  again  their  battles, 
and  snugly  comparing  their  adventures,  and  talk- 
ing about  their  hair-breadth  escapes. 

DR.  A. 

Yet  it  is  not  amid  the  greatest  apparent  aptitude 
for  enjoyment,  thjit  the  human  mind  usually 
possesses  most  pleasure;  and  I  fear  that  their 
total  want  of  care,  the  monotony  of  their  lives, 
and  the  absence  of  regular  employment,  may 
sometimes  make  their  time  hang  a  little  heavy 
upon    their    hands.       Greenwich     Hospital    is, 
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however,  a  noble  asylum,  worthy  of  a  great 
nation  to  support ;  and  nothing  is  a  more  agree- 
able sight,  than  that  of  a  veteran,  who,  after 
having  served  his  country  with  honour,  grateftilH 
reiwses  on  iia  bounty ;  and,  with  such  an  interest 
in  posiiing  events,  as  binds  him  reasonably  i'' 
this  world,  makes  a  prune  object  in  preparing  k>' 
the  next. 

HABRIKT. 

Does  longevity,  as  far  as  you  know,  occur  mo^ 
in  the  higher,  or  the  lower  orders  of  society  ? 


I  should  say  most  in  the  lower;  for  the  highe^. 
and  even  middle  classes,  are  subject  to 
causes  of  indUposition,   which  do   not   attach 
those  who  are  much  below  them.     Old  Parr, 
Jenkins,  both  of  them  lived,  from  necessity,  on 
coarsest  fare.     The  former  married  when  at 
age  of  120;  and  when  at  130,  was  able  to  thi 
and  to  do  any  description  of  farmer's  work, 
was  brought  from  the  pure  air,  and  homely  dieti 
the  country,  into  die  family  of  the  Earl  of  Arundd, 
in  London,  where  he  drank  wine  and  lived  luxuri- 
ously ;  and  he  was,  in  consequence  of  such  a  chsngs 
in  his  mode  of  living,  speedily  carried  oSl 

Many  of  the  instances  of  longevity  have 
curred  in  workhouses,  where,  though  there  is 
nerally  a  suiRciency  of  the  plainest  Ibod,  there 
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no  luxuries  ;  end  the  plain  diet,  and  Invigorating 
employments  of  a  country  life,  are  certainly  more 
favourable  to  health,  than  the  close  air,  and  refine- 
ments of  towns;  though  it  is  not  to  be  forgotten, 
that  the  country  labourer,  who  is  exposed  to  all 
weathers,  is  exceedingly  liable  to  the  complaints 
which  arise  from  cold  and  damp. 

CHARLES. 

It  must  likewise  be  borne  in  mind,  in  any  cal- 
culation of  the  proportional  mortality  of  the 
higher  and  lower  orders,  that  as  the  latter  are  so 
much  more  numerous  than  the  former,  one  case 
of  longevity,  in  the  higher  orders  of  society,  coun- 
terbalances several  in  the  lower. 


This  must  certainly  be  the  case;  and  it  is  a 
circumsUuice  which  does  not  seem  to  have  been 
sufiicienlly  attended  to.  —  It  has  been  said  that 
there  have  been  greater  examples  of  longevity  in 
Great  Britain,  than  any  other  country  of  Europe ; 
and  a  curious  circumstance  is  mentioned  by  Sir 
William  Temple,  on  the  authority  of  Philip  de 
Comines,  tliat  none  of  the  kings  of  France  lived 
to  threescore,  from  the  lime  of  Charlemagne  to 
that  of  Louis  the  Eleventh;  whereas,  in  England, 
from  the  Conquest,  to  the  end  of  Queen  Eliza- 
beth's reign,  (which  is  a  much  shorter  period}  there 
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have  reigned  five  kings,  and  one  qaeen,  whereof 
two  lived  65  years,  two  68,  and  two  reached  U 
least  the  70th  year  of  their  age.     Sir  WiUittin 
Temple  likewise  states,  that  he  was  informed  by 
M.    Pompone,    the   French   ambassador  at  iba  ■ 
Hague,  where  Sir  William  was  ambassador  ^ORB 
England,  diat  he  hod  never  heard  of  any  man  il4 
France  who  had  arrived  at  100  years.  —  It  is  verf 
clear,  however,  that,  notwithstanding  the  variaticn 
which  there  may  be  in  the  longevity  of  the  human 
race,  in  different  countries  or  districts;  and  in  spile 
of  the  continual  complaints  which  are  made  of  tlie 
shortness  of  life,  man  is  a  long-lived  animaL     He 
is  exceeded,  in  length  of  years,  by  but  a  very  fe*B 
the  other  inhabitants  of  the  globe. 

SOPHIA. 

Very  long  life  is  hardly  desirable,  since  it  n 
leave  a  person  very  much  alone  in  the  world ;  I 
diminish  the  value  of  existence,  by  the  want! 
sympathy  with  those  around  us,  on  which  so  mdlj 
of  the  comfort  of  life  depends. 


And  yet  life  always  possesses  certain  attraction*" 
and  few  have  such  a  position  of  feeling,  as  to  be 
wining  to  give  up  aoimal  existence,  n-ithout  b 
Struggle  for  its  preservation.  The  human  i 
gradually  reconciles  itself  to  new  circninst 
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and  (iequently  possesses,  even  in  the  most  deso- 
late, and  adverse  state  of  things,  certain  sources 
of  enjoyment,  into  which  it  is  diEBcuh  to  enter.    ' 

HARRIET. 

But  the  wreck  of  mind  is  the  most  humiliating 
to  our  nature ;  and  1  hardly  luiow  any  thing  more 
painful  than  the  second  childhood  to  which  some 
are  reduced. 

DR.  A. 

It  is  a  serious  lesson  on  the  evanescent  nature 
o^  sublunary  things,  that  not  only  our  corporeal 
strength,  but  the  proud  exercise  of  those  liicultJes, 
which  place  man  so  mucli  above  every  other 
animal  in  the  creation,  are  of  very  short  duration. 
The  most  powerful  monarch,  the  most  distin* 
gulshed  philosopher,  poet,  and  statesman,  are 
equally  destined,  in  a  few  years,  to  sink  into  dust ; 
and,  before  the  close  of  life,  frequently  to  exhibit, 
with  the  loss  of  their  bodily  vigour,  a  diminution, 
or  disappearance  of  those  powers  of  intellect,  which 
governed,  instructed,  or  delighted  mankind. 

HARRIET. 

Is  there  any  reason  for  supposing  that  the 
ancients  exceeded  the  moderns  in  height  ? 

DR.  A. 

The  magnitude  of  ordinary  men  does  not  appear 
to  have  been  greater,  at  those  periods,  when  so 
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nmcli  depended  on  persona!  prowess,  than 
modern  times,  when,  by  the  changes  intradi 
into  the  mode  of  warfare,  the  powers  of  difiereDt 
individuals  are  so  much  equalised.  There  are 
differences,  within  certain  bounds,  in  the  size  bodi 
of  nations  and  individuals;  and  instances  some- 
times occur  of  monstrosities^  both  in  htrgeness,  and 
smaliness  of  dimension.  Giants  have  been 
tioned,  of  from  seven  feet  to  nine  leet  in  h< 
and  sometimes  much  more ;  though  this  last 
to  be  the  utmost  limit  of  stature  for  which  there ii 
tolerable  evidence.  Dwarfs,  on  the  other  hand, 
liave  occurred,  of  from  40  inches,  to  about  !6^ 
inches  in  height.  But  in  all  these  deviations 
usual  sixe,  there  is  genernlly  something  iri 
and  anomalous  in  structure  and  appeiirance 
Nature  seems  to  have  reserved  lier  greatest 
symmetry,  and  activity,  within  certain  niod< 
limits. 

Cti.^RLES. 

The  bulk  of  man  depends,  I  suppose,  in 
degree,  upon  his  mode  of  living ;  but  I  have 
been  surprised   at    the   difference    which   occiin 
between  men  and  brutes,  as  to  the  power  of  aug- 
menting their  size.    A  farmer  may  pretty  secure 
depend  on  fattening  an  ox  or  a  sheej)  on 
pasture;  but  some  people  are  lean  and  lank  ui 
plentiful  diet ;  and  others  seem  to  get  lat^ 
moilerale,  or  even  n  small  quantity  of  ibod. 
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The  more  removed  mankind  arc  from  a  stale  of 
□alure,  the  more  de|>eiident  they  seem  to  be  on 
accidental  circumstances.  In  the  savage  stale, 
probably,  a  man  might  be  as  certainly  fattened  as 
an  ox ;  and  we  learn  that  during  the  sugar  season 
in  the  \^'est  Indies,  the  negroes  always  become 
plump.  Even  with  us,  butchers  and  innkeepers 
are  very  ollen  large ;  for  they  live  well,  and  have 
just  enough  exercise  to  prt.ierve  them  in  health. 
But  a  soldier,  a  sailor,  and  a  postillion,  though 
they  have  plenty  of  good  food,  are  prevented  by 
their  respective  professions  from  carrying  much 
flesh.  There  have  been  many  examples  of  persons 
who  have  become  very  large,  gross,  and  diseased, 
by  indulgence ;  and  who,  by  a  material  alteration 
in  their  mode  of  Ufe,  have  reduced  themselves  to 
moderate  dimensions,  and  have  recovered  their 
bealUi;  and  one  has  occasionally  heard  of  some 
calculating  gourmands,  who,  after  certain  periods 
of  enjoyment  in  all  Ihe  luxuries  of  the  table,  have 
starved  themselves  for  a  time,  in  order  to  resume 
their  sensuality  with  less  risk. — A  curious  example 
of  the  good  effects  of  temperance,  in  recovering 
and  preserving  health,  occurred  in  the  famous 
Lifiwis  Comaro,  a  noble  Venetian,  who  was  orU 
ginally  of  a  feeble  constitution,  and  by  irregular 
indulgences,  brought  himselfj  at  the  age  of  40, 
to  the  brink  of  the  grave.  He  adopted  a  rigid 
82 
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course  of  temperance  and  sobriety,  on  being  wld 
that  this  was  the  only  chance  he  had  for  his  life: 
and  he  hvcd  to  above  100,  going  off  like  one  in  o 
sleep.  He  allowed  himself  not  more  than  12 
ounces  of  food,  and  1+  ounces  of  drink,  in  (he 
day ;  and  when  he  was  above  the  age  of  70,  d>e 
experiment  of  adding  two  ounres  to  each,  by  ihe 
advice  of  his  friends,  had  nearly  proved  fatal  to 
him.  The  food  that  he  employed  was  oulritiTe. 
and  his  drink  small  wine. —  But  one  of  the  most 
extraordinary  instances  recorded,  of  the  restoratim 
of  health,  and  reduction  of  size,  by  Icmpennce, 
was  in  Thomas  Wood,  the  miller,  of  Billeric^. 
in  Essex,  who,  under  full  living,  became 
corpulent  about  the  age  of  40  :  and  Rt  4+, 
many  threalenings  of  apoplexy,  anil  other  se 
maladies.  On  reading  the  life  of  Cornaro,  be 
altered  his  mode  of  living,  so  as  gradually,  but  in 
no  long  time,  to  reduce  himself  10  or  11  stonr- 
Hc  entirely  recovered  his  health  and  strength; 
and  died  of  an  inflammation  of  his  bowels,  brought 
on  by  cold,  at  the  age  of  64.  The  daily  nutri- 
ment which  he  found  perfectly  adequate  to 
comfortable  support,  consisted  of  a  pound  of 
flour  of  which  the  best  kind  of  sea  biscuit' 
made,  boiled  into  a  pudding,  with  a  pint  and 
of  skimmed  milk.  He  used  a  great  deal  ofi 
cise,  and  took  about  five  hours'  sleep.  At 
time,  when  he  took  three  pints  of  skimmed 
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and  two  eggs,  with  his  pudding,  he  thought  lie  got 
fat,  and  therefore  made  u  reduction  to  what  I  now 
mention,  which  became  his  ui^ual  daily  nutriment. 
I  have  talked  with  Mr.  Wood's  son,  who  occupies 
the  house  in  which  his  father  resided,  on  the  sub- 
ject of  his  fiitlier's  singular  history;  and  have  seen 
two  or  three  manuscript  volumes  of  correspond- 
ence, mentioned  by  Sir  George  Baker  in  tlie  ac- 
count which  he  pubhshed  of  tlie  case,  and  to  which 
the  success  of  tliis  curious  disciphne  gave  rise. 
One  of  Mr.  Wood's  imitator^  it  is  said,  having 
&om  faith  in  the  et&cacy  of  the  pudding,  had  it 
made  with  every  regard  to  punctilious  accuracy, 
long  persevered  sedulously  in  its  use.  You  will 
not,  however,  be  surprised  at  the  difference  of 
effect,  when  I  tell  you,  that  he  took  it  in  addition 
to,  and  not  in  the  place  of,  his  ordinary  luxurious 
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CHARLES. 

We  have  an  example,  in  the  reduction  of  weight 
jockeys,  of  the  effect  of  spare  diet  and  exercise 
the  human  frame.     Are  you  acquainted  witli 

the  mode  pursued  by  them  in  accomplishing  their 

object? 

DR.  A. 

In  general,  when  feats  of  strength  and  activity 

e  to  be  performed,  either  by  men  or  anitoalB,  a 

certMD  training  b  employed,  by  which  they  are 
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brought  to  the  best  possible  state  of  health  and 
strength,  both  in  wind  and  limb.  This  was  done 
with  the  ancient  athleta;,  and  is  practised  likewise 
iiow-a-days,  in  fittingmenforboxing,  nr  for  running 
matches ;  horses  for  racing,  and  cocks  for  Bght- 
ing.  But  the  jockey  has  a  totally  reverse  plao 
pursued  with  him;  and  being  obliged  somedrocs 
to  reduce  himself  to  a  very  low  weight,  in  a  very 
short  time,  he  can  only  do  so  by  starradon,  es- 
ercise,  and  profuse  sweating.  It  is  said,  that  be  cao 
etfect  the  object  of  a  reduction  of  a  stone  and  haU^ 
or  even  more,  in  as  short  a  time  as  n  week  or  tea 
days.  He  eats  very  sparingly  ;  takes  wine  and  « 
lor  his  drink ;  walks  daily  1 5  or  16  miles,  with  fi»l 
or  six  waistcoats  or  more  on  him,  two  coats,  a 
as  many  pairs  of  breeches,  by  which  means  he  i| 
made  to  perspire  very  profiisely;  and  takes  a  g 
deal  of  rest.  In  the  instance  of  John  An 
when  rider  to  his  present  majesty,  then  prince  0 
Wales,  who  was  desired  to  reduce  hiniself  as  mud 
iis  possible,  in  order  to  ride  some  favourite  bots 
no  animal,  or  even  farinaceous  food,  was  taken  fi 
eight  succeeding  days;  but  only  a  piece  of  apj 
occasionally.  He  was  not  injured  by  this  disctplin 
iind  it  appears,  that  when  jockeys  resume  t 
firdinary  mode  of  living,  they  very  speedily  recovc 
their  flesh,  though  they  are  seldom,  at  any  t 
more  than  nine  stone  in  weight.  You  thus  i 
what  a  singular  power  the  aoinud  frame  possesses^ol 
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accoiiimodatiiig  itself  to  a  great  variety  of  circum- 
stances. This  is  wisely  and  boutitifully  intended, 
without  doubt,  to  increase  the  sphere  of  our  grati- 
fications and  usei'ulness ;  thougli  it  is  often  per- 
verted to  mean  and  ignoble  purposes. 

But  after  all  the  exertions  of  the  best  regulated, 
and  the  most  useful  life ;  after  nature  has  availed 
herself  of  her  numerous  resources  to  preserve 
health,  and  to  keep  off  disease;  after  all  those 
curious  compensations  and  adaptations  which  the 
study  of  our  fi-ame  lays  open,  have  been  called  into 
repeated  operation  ;  there  is,  most  surely  and  in- 
evitably, whether  at  the  usual  period  of  old  age,  o 
at  that  more  extended  limit  of  existence,  which  a 
very  few  only  are  destined  to  attain,  a  failure  of  the 
powers  connected  with  life.  The  bodily  organs  are 
unable  to  carry  on  Uieir  functions ;  they  become 
inanimate  matter ;  are  decomposed  into  their  o 
ginal  elements;  revive  again  in  new  shapes,  in  plants 
and  animals ;  and  in  this  way,  assist  in  the  con- 
tJDuance  of  those  series  of  existences,  which  were 
commenced  by  the  fiat  of  the  Delij',  and  are  con- 
tinued by  the  la«B  to  which  he  has  given  origin. 

The  principle  of  life  is  wholly  unknown  to  us. 
We  cannot  detect,  by  the  nicest  powers  of  human 
discrimination,  the  circumstances  on  which  depend 
the  difference  between  a  hving  body,  in  tlie  ful- 
ness of  health  and  beauty,  where  an  ample  and 
interesting  series  of  active  operations  is  uninler- 
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ruptedly,  and  to  all  appearance  spontaneoi 
^ing  on ;  and  the  same  body,  a  mass  of  lifeli 
matter,  subject  alone  to  tlie  laws  which  inanimate 
substances  are  made  to  obey.  But  if  the  nature 
of  vitality,  of  tliat  principle  which  is  common  to 
the  whole  animal,  and  in  some  measure  to  the 
vegetable  kingdom,  is  concealed  from  us  by  an 
impenetrable  veil,  still  more  is  that  of  the  sublime 
and  immortal  part  of  our  constitution,  which  ap- 
proximates man  to  the  Author  of  his  existence, 
and  (its  him  for  contemplating  the  wisdom,  the 
beauty,  and  the  harmony  of  those  operations) 
which  are  continually  going  on  around  him. 
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CUVIER'S  DIVISION 


THE  ANIMAL    KINGDOM.* 


DIVISION  I.    VERTEBRATED    ANIMALS,    or    thoic 
having  a  vertebral  culuinn  or  back  bone. 
DIVISION  II.     MOLLUSCA,  animals  of  ton  texture. 
DIVISION  III.    ARTICULATED,  or  jointed  animiJt. 
DIVISION  IV.    ZOOPHYTES,  animal  plants,  or  radiatcL 


DIVISION  I.    VERTEBRATED  ANIMALS.  FourClwtef. 

CLASS  I.    MAMMALIA,  animnli  which  give  suck, 
OaoEB  I.    BiMANA,  or  two-hnnded;  man  onlj. 
Obdeb  II.  QuADRUMANA,  or  four-hunded ;  raonkeyi  of  alt 

Oadeb  in.  Cabhamiebs,  or  flesh-caling. 

SuBLIViaON  1.    Cbeiropteba  I  winged-handi ;   at  the  bat. 
SUBDirialOS  II.   IHSECTiroRA;  living   oD   in«ccUi    a«   the 
hedge-hog,  Bhrew-tnoiue,  and  niole. 


SvBDtrJsios  til.  CAxmroBAi  camivorous. 

A.  P/antigrndei  which  walk  on  the  soles  of  the  feet; 
the  bear,  rucoon,  badger,  and  glutton. 

B.  Digiligrade  ,■  which  walk  on  the  toes  ;  at 

(a)  WeaseU. 

(b)  The  dog  kind  ;  domestic-dog,  wolf,  lax. 

(c)  Civet-cat. 

(d)  Hyena- 

(e)  The  cat -kind ;   lion,   tiger,  leopard,   panther,  Iji 


C.  Sonuf  of  Ihe  ampkibioat ;  u  seals  and  walruses. 

D.  Martupial  or  pouched  animali;  as  kangaroos  and  o| 

Order  iv.   RoNesnas,  rodentin,  or  gnawers ;  as  caU 

beavers,  rats,  mice,  marmots,  Bquirrels,  potttt 
pines,  hares,  rabbits,  guinenrpigs. 

Order  v.  Edenies,  edentato,  or  toothleu;  as  the  ttM 
amiadillo,  pangolin,  atnithMynchns. 

Order  vi.  Pac nyoERtiATA,  or  thick-skinned;  as  the  el 
phant,  hippopotamus,  pig,  rhtnoceroi,  ban 
5,  lebra,  q 
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IB  the  deer,  a 


e,gont. 


Ordeh  VIII.  Ceiacea,  the  whale-tribe. 


CLASS  II.    BIRDS. 
Ordeb  I.    BiBDB  or  I 


Cure.  &><^^^| 
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SUBOinstOA 

U.  NocTuasAi,!  u  the  owl. 

Okdeb  II. 

Passersaos,  or  the  iparrow  tribe;  as  the 

niBgpie,  «wa1low,   thrush,  ipurrow,  crow. 

OrDEII  11 

GaiMPEDRB,  or  climbert;  rs  the  woodpecker. 

cuckoo,  toucnn,  parrot. 

OaoKR  IV 

Gallinaces;    thb  gallinaceoug  or    pou!tr}'< 

tribe;  an  the  peacock,  turkey,  pheasant,  barn- 

door fowl,  partridge,  pigeon. 

Obdeb  v. 

EcHASaiKRg,  the   stilted   or   woden;   as   the 

ostrich,  cassowary,   plover,  crane,   heron, 

itork. 

OeDER   VI 

PALMiPiDES,  or  web-foote<l;  as   the   pelican. 

duck,  swan,  and  gooie. 

CLASS  III.    REPTILES.                                                      1 

Obder  I. 

CniLONiENg,  or  tortoises. 

OftDEB  tl. 

Saurisnr,  the  lizard  trilic;  as  the  crocodile, 

lizard,  gecko,  and  chamclion. 

Ordek  III 

OriuDiENa,  ihe  lerpcnt  tribe;  iocludiog  the 

boa  constrictor,  and  such  serpents  as  are  not 

venomous,  as  well  as  the  venomous  serpents. 

Obdeh  IV 

Bathiciens,  the   frog  tribe;   including  frogi, 

CLASS  IF. 

FISHES. 

SuuBs  1. 

as   the    lamprey,    shark,  skate,  thornback, 

sHirgoon. 

Series  ii. 

OssEux,  the  iKiny,  whose  divisions  are  prin- 

cipaUy  taken  from  the  gills,  jaws,  or   iiiix 

and  are 
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Okdsb  I.     The  pLECToaNATass;  aa  the  suD-fish,  nunk- 

6ah. 
ORDBa  ij.  The  Lopbobbasches  j  bi  the  pipe-fish, 

P^BSUS. 

Oudxrih.  The  Malacoptsbtgiei's  :   u  the  nl 

herrbg,  sein.EUh,  pike,  carp,  locbe,  ailiiruii 
cod,  turbot,  sole,  rcmorB,  eel. 

Okderif.   The  Acantboptebycieks!  as    the  peri^ 
mackerel,  dolphin. 

DIVISION  n.    MOLLUSCA. 
Six  Classes,  principnlly  coostituted  from  the  organs,  i 
mode  of  progression. 

CLASS  I.     THE  CEPBALOPODES;  as  the  cutt]&&h, 

and  nautilus. 
CLASS  11.    THE  PTEROPODES;  m  the  clio,  de 

dore,  and  hyalea. 
CLASS  HI.  THE  GASTEROPODES;  ai  the  slug,  bm 

and  limpet. 
CLASS  IV.  THE  ACEPHALES,i-mthoat  heads);  u  I 

ojster,  and  muscle. 


CLASS  jy.  THE  CIRRHOPODESi  as  the  barnacle. 

DIVISION  in.    ARTICULATED  ANIMALS. 
Four  Classes. 

CLASS  I.    ANlfELIDES,  OR  WORMS. 
Oaoxa  I.    Tns  Tcfbicoles,   forming  s  calcareoiu  tu 
around  them ;  as  the  scopulii,  sabella,  ai 
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Oadeb  ti.    Tiia  DoaaisKAHCHES,  the  Umbs  diffused  over 

the  body;  as  the  nerfide  and  aphrodite. 
Ownniu.  The  Abkahches,  (without  limbs);  a9  theearth- 

CLASS  TI.    THE  CRUSTACEOUS. 

Fire  orders,  Ibrmed  from  the  number,  or  position  of  their 
organs  of  motion. 

Obdeb  I.     The    Dkcafodeb;    as  the   crab,  lobster,   and 

Oansft  It.   Thk  Stouafodes  ;  re  the  squill. 
Okdes  :ii.   The  AurHiPaDEs ;  as  the  gammanit. 
OkDEi  IT,   The  Isopodes  ;  as  the  wood-louse. 
Ouisa  V.    The  Bhanchidfodes;  as  the  monoctilltu. 

CLASS  III.    THE    ARACHNIDES,    OS  SPIDER 
TRIBE. 
Two  orders,  formed  from  respiration  being  effected  by  pul- 
BOOnary  cells;  or  by  trachete,  or  openings  in  the  sidn. 

Okdbe  I.    The   P(jlhonaiiies ;  as   the  spider,  tarantula, 

and  scorpion. 
OuiBB  II.   The  Teachkmnes  ;  as  the  phalaogium,   aad 


CLASS  IT.    INSECTS. 

Twelve  orders,  derived  principallj'  from   the  number   of 
their  feet  and  wings. 

OuBK  I.    The  Myrufohes,  having  numcroui  feet;  as 

the  iulus,  centipes. 
Okdes  II.   TheThvsanodbes,  having  iqipendages  to  that 
tails;    as  the    leptsma,   or  wood-lbh,   and 
podura. 
OanBK  III.  The  Parasitls  ;  us  the  louse. 


950 

Obobb  tr 

The  SoctnM  i  a*  the  flea. 

OSBBB  V. 

The  ColioPTiwa,  having  caMtl  winip;  u  il« 

Obdeh  »i 

The  GftTHOi-TiiiKs,  having  ttniighi  winp;  « 

the  earwig,  locust,  grasshopper,  and  nxA 

cricket. 

Ohbeb  VI 

.  The   HiHiFTlsGB,    or    hair-winged;   n  tbt 

bug,   the  water-«orpion,  laatem-4)r,  a^ta, 

Bud  cochineal. 

OaDBa  Ti 

u.  Tbi  NiDftorTiiiE!,  having  net-worh  wni§!>; 

Bi  the  dragoQ-flj,  and  ephemera. 

Obdkk  u 

and  bee. 

Obdeex 

Tar.  LEFtODPTiiREs,  having  (coly  wingi;  »tht 

hmterfly  and  molh.                                                1 

Ordebs 

The   RkififtiIres,  having  faa-like  »it«M  dH 

the  xcnot,  and  itylops.                                   ^M 

Ohduxi 

I,  TBKDtPT*MiB,h«vingtwowing»ia9thega|^B 

and  houie-fl;.                                                 fl 

DIVISION  IV.    ZOOPHYTES.    Four  Clasfa.       | 

CLASS  I. 

THE  ECHYNODERMES;  spined  AJa  f  i 

the  star-fish,  and  echinus. 

CLASS  II. 

THE   INTESTINAVX,  or  inteatind  M 

maia;  as  the  tsnio,  tucaris,  and  hydatid. 

CLASS  III 

THE  ACALEPHES,  or  sea-nettic  i  »  tk 

sea-onemony,  and  medusa. 

CLASS  IF. 

hydrn,  coralline,  and  sponge. 

CLASS  IF. 

THE  INFUSOIRES.  found  in  animal  tol 

vegetable  infiisiont ;  as  the  wheel  animal,  aa 

proteua. 

^^^  M 

..  ] 

A 

Bell.  Mr.  Charles,  i.  132,  I^"" 

158,  166,  233 

AxoQUSH,  Titcera  of,  ii.  SOI 

Bichat,  M.,  i.  30 

Absorbent  sfatum,  L  1S4 

Bile,  ii.  197 

Air,  changes  in,  ii.  971 

Biot,  ii.  290 

Air-bladders  of  Sah,  ii.  3S8. 

Blood,  ii.  S87.  243.  B4T 

290 

Ajr-cellsofbirds,  11.284 

Boiling,  it.  26 

Albinoes,  i.  12,79,83 

Altmeni,  accominodation  U>, 

94.115,118,156 

ii.  193 

Brain,  i.  196,236.238,330 

Amhent,  Lord,  i.  68 

Brodic.  Mr.,ii.322 

Burjs  mucosa,  i.  174 

Antlen  of  ttags,  1.  39 

A^i  or  Moufflon  tbeep,  i.  89 

Arteriea,ii.  *SS.  245 

^M 

AtfaletiD,  ii.  .T41 

CotTres,     53                 ^^^^^M 

Aurelio.  i.  3(i 

139          ^9^H 

Atb,  i.  50 

Calmuclts,  i.  50                          ^^ 

Camper,  Profesaor,  i.  S6                 ^ 

Carbonic  odd  gas,  tL  872                  ■ 

B 

Carlisle,  ^  Anth.,  i.  81                 ■ 

CartilBges,i.  103.                             H 

Back  bone,:.  107 

Caicr[H]lan,  i.  25                          H 

Barclay,  Dr.,  i.  178 

Cellular  membrane,  i.  147             H 

Batlu,  Ruwan  vapour,  ii.  508    Clmkrelas,  i.  si                            ■ 

Btuer,  Mr.,liS0,225 

Chcselden's  ca*e,  ii.  94                    ■ 
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Chin«e,  I  50 

Craniology,  i.  903 

Cropping  and  docking,  i.  1 

Choroid,  coloured,  ii.  19 

Crops  of  birds,  u.  176 

Chjlc,  ii.  166.807 

Cruitaceous  auimaU,  i,  13i 

Chyme,  u.  164 

Cultivation,  i.  91 

Ciliary  processes,  ii.  as 

Cuticle,  i.  32 

Circulation,  ii.  284,  283 

,  double,  li.S30 

in  fishes,  u.  361 

D 

ID   frog's   foot,   ii. 

ass 

Davy,  Dr.,  ii.  309. 3S0 

Deuf  and  blind,  it  106 

ii.  362 

Death,  ii.  343 

Decay,  u.  343 

254 

Deglutition,  ii.  159 

CiTilization,  i.  B9 

Delaroche  and  Berga'i  C^ 

Cliniaie,  effects  of,  i.  68 

rioicnlB,  ii.  303 

Cochinchina,  i.  50 

Digestioa,ii.  157 

Cockroaches,  or   Chakrelas, 

Distinction!,  perpetualiM 

i.  84 

i.  TO 

Cold-blooded  animals,  ii.  S58, 

Diving  bu-ds,  ii.  ase 

399 

Division  of  animal«,L41 

Colour,  ii.  203 

,Cuvier\i.43;ii.J 

,  insensibility   to   cer- 

 ,LiDnBUs'«.i.4l 

tain,  ii.  40 

Dogs  and  hyeoas,  power, 

Combe,  Mr.,  i.  314 

Combustion,  ii.  316 

Domestication,  i.  89 

Common  cold,  ii.  268 

Dreaming,  ii.  337 

Drowning  and  iuMffng,  ii,  j 

Convulsions  and  spurn,  i.  169 

Dwarfs,  ii.  339 

Cooper,  Sir  Astley,  u.  75,  !SI 

Comaro,  Lewis,  iL  339 

Corporeal  ttrength.  i.  65 

E 

Cone,  Mr.,  ii.  81 

Ear,  U.  78 
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EdwarJs,  Dr.,  i(.  273, 

M9 

Gailric  juice, it.  164,172,  IBfl. 

Elbow,  i.  105 

IB9 

Elepliaoi's  trunk,  i.  I 

S 

Georgian,  i.  48 

Epidermii,  i.  22 

Giants,  iL  338 

ErmiDe,  i.  33 

Grub,  or  larva,  i.  26 

Eiquimaui,  i.  51 

Gipsies,  i.  71 

Eurojiean  character,  i 

47 

Gizzard,  ii,  I6S. 

Eye,  U.  27,  29,  47,  59 

Glue,  i.  81. 

Eyn  orinsecu,  ii.  51 

Graining,  ib. 

ureenwich  Hospital,  longevity 
in,  ii.  333 

F 

Gregoiy,  Profenor,  ii.  399 
Griffb.  i.  75 

Facial  angle,  i.  57 

Growth,  ii.  393 

line,  i.  S6 

Feathers,  i.  32 

Feden,  i.  27 

H 

Rbrine,  i.  199 

Fl«h,  i.  * 

Hair,  i.  7,  1 1^  26,  37,  99 

Fliea,  th»r  feel,  i,  187 

Ualler,  i.  224 

Flying,  i.  1S4 

Hands,  ii.  85,  89 

Pood,  difference  of,  ii 

192 

ForUyce  and  Blagden' 

eipe- 

Hawks  and  eagles,  U.  178 

rioienti,  ii.  303 

Head,  Carib,  1.  65 

Friction,  mode  of  obmting, 

,  flat,  ib. 

i.  173 

Hearing,  ii,  64,  so 

Frog.  i.  26 

in  the  e1q>huit,  ii. 

Fowlb,  Dorking,  1.79 

ai 

,  Padua,  ib. 

Heart,  ii.  228,  233 
Heal,  animal,  ii.  999.  3)3 
,  eslent  borne,  il  303 

W     " 

Hindoot,  black,  i.  78 

GiOl-bliulder.ii.  197 

Hog's  brittle,  i.  28 

Gail  and  Spuraheim,  i 

909 

Holcroft,  Mr.,  ii.  ISO 
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Home,   Sir  Everard,  J.   23t, 

^^^H 

230;  ii.  S3. 

L      ^^ 

Horns,  i.  39 

Hunger  and  thirst,  u.  193 

Lacertn  gecko,  i.  188 

Hjbernadng  nnunalt,  u.  31 1 

I-Bcieab,  ii.  Sos,  sii 

Lachomal  glitn cl,  H.  54 

I 

sac  and  duct,  fi. 

Lambert,  John,  i.  86 

Image,  i.  26 

Laplander!,  i.  51 

Larva,  i.  25 

Insects,  i.  as 

LarjTW,  ii.  263.  S92 

Instinct,  ii.  117 

,  double   in   MnU.' 

Integuments,  i.  4 

S97 

Intellect,   organs  of.   i.  910, 

331 

Lawrence,  Mr,  i.  SB,  165 

Interchange  of  energj-,  i.  327 

Leather,  i.  17.  19,  SI 

Intestines,  ii.  195,  196 

Leibnili,  ii.  131 

Iriihman,  peculiarities  of  one 

Lewis  and  Ctorkei  i.  68 

i.  81 

Liver,  ii.  19a                        1 

Wn^ass,  i.  23 

Iver,  ramily  at,  i.  SI 

of  stomach,  ii.  187 

rvory,  ii.  138 

Lobeters  and  crabi,  Iom 

their  clawi.  i.  199 

J 

Locke,  ii.  ISO 

Longeriiy,    companlin. 

Japanese,  i.  50 

332 

Java,  i  53 

Lungs,  ii.  367                   . 

Jelly,  i.  17 

Lymphatics,  iL  2ie 

Jenkins,  ii.  333 

- 

Jews,  i.  73,  74 

Joints,!.  lOi,  104,106 

M 

Mackintosh,    Sir   James, 

K 

Kidd,Dr.,ii.  175 

Miilacca,  i.  53 

^^■PL-^    ^M 

H^HDb^H   ^^i 

"                                              INDEX.                                   35S          f 

Mariotte's   ExperimenU,    ii. 

Nerves,  of  voluntary  anil  in- 

35 

voluntary  motion,!,  aaa 

New  Guinea,  i.  SS 

Meseateiy,  ii.  S05 

New  Holland,  ib. 

Miteliell,  James,  one  of,  ii. 

New  Zealand,  i.  SS 

lOB 

Nymph,  i.  U6 

Molucca,  i.  53 

Moulting,  i.  38 

Moyea,  Dr,  u.  1(M 

0 

Mucous  net-work,  i.  5 

Mulatto,  i.  74 

Odours,  diffusion  of,  ii.  SB3 

MuDgo  Park,  i.  iS 

OWoge,ii,  .331 

MuBcles,  i.  130,  131.  171 

,  e^U  of  the  pasiions 

O^nmzene.i.  193 

on,  i.  l.-iS 

Ostrich,  i.  33 

,  unfavourable  posirion 

Ourang  outang.  i.  61 

of,  i.  139 

.  force  exerciseil  by.  i. 

,  remo»al  of,  ii.  3B0 

143.179 

ioluh.i.  196. 

offece,!.  155 

P 

in«ects,i.  187 

Paley,  Archdeacon,!.  139,171 

Panenaa,  u.  1»9 

luntarj,  i.  ITS 

Paralysis,  i.  171 

Parr,  ii.  339 

Rtioil,i.  130 

Passions  of  imnd.i.  I5S 

MyqiiBm,  ii.  30 

PalBgonians,  i.  6i 

Perfumes,  diffusion  of,  i.  351 

Periosteum,!.  119 

N 

PeritoneucD.ii.  J04.30S 

PerKins  bom  blind,  u.  93 

N«U,  i.  34 

Pctronsirustii.  147 

N»^ro,  i.  53 

Philippine  Island*,  i.  53 

NBrve^i.l4,S47 

Phrenology,  i.  803 

356 
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Phyticiuis,  i.  57 

Pigs»  tolid-hooiedy  i.  90 

Porcupine  family,  L  85 

quillsyL  32 

Pores,  i.  7 

Preparation  of  food,  ii.  1S4 
Probyopism,  ii.  38 
Prichard,  Dr.,  i.  8 
Priestly,  Dr.,  iL  S78. 
Proboscis,  iL  85 
Pn^iensities,  organs  of,  L  207 
Prout,  Dr.,  ii.  S75 
Pulsation,  ii.  937 
Pupa,  L  S6 
Pujnl,  L  IS.  IL  45 


Rete  mucosum,  i.  9 
Rhinoceros  snout,  L  89 
Romans,  i.  35 
Rumination  in  a  boy,  i.  10 1 


Quarteron,  i.  74 
Quinteron,  L  75 


R 


Race,  Celtic,  L  70 

,  German,  ib.  ' 

,  Sclavonic,  ib. 

Receptaculum  chyli,  ii.  208 
Reproduction  in  animals,  i. 

241 
Respiration,  iL  263,  280 
Respiratory  nerves,  i.  232 
Resuscitation,    means  of,  ii. 

277 


Saliva,  ii.  157,  161 
Salivary  glands,  i.  256 
Saunderson,  professor,  S.  Iff 
Scales,  i.  24 
Scent  of  dogs  and  famiiil 

animals,  i.  2S5 
Seat  of  soul,  Descartes'  ids 

of,  i.  202 
Sedigiti,  L  81 

Sensation,  nerves  of,  L  23S 
Sense,  organs  of,  L  244 
Sentiments,  organs  of,  L  S09, 

217,220 
Siam,  i.  50 
Sight,  acquired    perceptioai 

of,  ii.  90 
Silk  worms,  i.  25 
Skeleton,  i.  95 
Skin,  L  4,  5,  16 

,  its  colour,  L  9, 1 1,  29 

,  scarf,  i.  5 

— — ,  elephant's,  L  24 

5 ,  hippopotamus,  i.  124 

,  ichthyosis,  or  fish-,  i.  24 

— ,  negro's,  L  lo 

,  papillae  of,  i.  14 

Sleep,  ii.  324 

Smell,  oigan  of,  i.  246 
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^Kod,  propagation  and  velo- 

Teeth,  shark's,  ii.  149 

■■aty,ii,6T 

,  in  itomachi  of  lobslen 

nSijimcIes  of  insects,  i.  2S4 

and  crabs,  ii.  174 

8,umtu,e,ii.33 

jatewart,  Mr.Dugald,ii.  iss 

,  squirrel's,  ii.  isi 

,  tartar of.ii.  ICl 

■knnach,  ii.  135.  163 

,  vitality  of,  ii.  154 

^m- ,  ruminant,  ii.  163, 

H^lBO.  183. 

ii.  301 

,  animal,  U.  300 

" Bwan's,  ii.  1 69 

'   Sumatra,  i.  53 

Temples,  ii.  ISO 
Tenaons,  i.  13S 

Suture),  i.  119 

,  room  gamed  by,  i. 

Swimmint;,  i.lB6 

173 

,  their  nature,  i.  irs 

Terceron,  i.  74 

T 

ToroiinaCion   of  arteries,    ii. 

Twinin,  i.  n 

Thibet,  i.  SO 

Taniung,  i.  18 

Thoracic  duct,  ii.  sob 

Taste,  organs  of,  i.  254 

Toad,  i.  S6 

Tawing,  i.  30 

Toueh,ii.B4.  113,  114 

TcaM,i.  l63!ii.S4 

Teeth,  ii.  125,  127,  l.ii.  141 

ii.s6 

H6 

Tongue,  i.  S54 

,  various  nature  of,  i. 

ii.  H5 

S59 

Training,  ii.  341 

,  omniTorous,  ib. 

Tympanum,  perforation  of,  ii. 

,  enamel,  ii.  148 

75 

,  elephant's,  ib. 

,  Ethiopian  hog's,  ii.  14 

9                               V 

,  gnawing,  it.  150 

,  in  horses,  ii.  134 

.  wrpent'sii.150 

. ,  Caucaiinn,  L  47 
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Vcntnloquifin,  ii.  3»i  \\'ii]g^  nature  of, 
YmiM,i.  1  WdlMtoD, Dr^  < 
— ^-^,  oDgl^  n.  S7  of  the  ctc,  B.  6 
,  in  btrdi  of  prey,  ii.  Wood,  TbooiM^  i 

46  Wri(t,i.  105 
,  ni^U,  Biiil  d>y,  ii.  50 

Vital  pfinc^le,  iL  344  Z 
V<Mce,  fitnaatioii  o(  ii,  S91 

Vox  humans  fope,  ii.  S96  Zambo,  i.  75. 


